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ABSTRACT
This thesis examines the response of insectivorous bat activity to different logging
regimes and habitat types in the Kioloa State Forest. Bats were sampled by electronic
echolocation detection and trapped with harp traps.

Trapping was employed to

develop an overall species list and to establish an echolocation call reference library to
aid in the identification of free flying bats electronically detected. The main findings of
this study are based upon the results o f the echolocation detection sampling. This
sampling regime allowed bats to be non-intrusively monitored within forest stands
without the biases associated with trapping.
Bats were studied by monitoring nocturnal activity patterns along transects using sonar
detection and by trapping along tracks and creeks adjacent to these sample sites.
Twelve transects were monitored, with three transects in each o f four logging regimes.
The bat activity on ridges and in gullies of high and low quality forest stands was also
examined. A total o f 16 species were trapped and/or detected in the study area. The
most common species detected by sonar were Vespadelus darlingtoni, V. vulturnus and
Scotorepens orion, these three species made up 56% of all bats. This was in contrast to

results from trapping, where V. regulus, V. vulturnus and C halin o lo b u s m orio
comprised o f 72% all bats captured. There was no significant difference found between
the bat activity level of the ridges and gullies. Regrowth forest (20 years since clear
felling) had significantly lower foraging and activity levels compared to mature forest
(50 years since selective logging) fo r five species. In addition, several sites were
sampled immediately before and after selective logging.

There was a significant

decrease in bat foraging and activity levels for five species just after (within 2 months)
selective logging.

However, sites that were sampled 9-12 months after selective

logging did not show a significant difference in activity level fo r the most common
species, compared to mature forest stands. The reasons fo r decreases in bat activity
are not clear, but may be due to a reduction o f understorey vegetation, which can
influence the diversity o f insects available as potential food items.
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1

C h a p te r 1
IN T R O D U C TIO N & AIMS
1.1

M IC R O C H IR O P T E R A N S AND D ISTU RBANCE

Microchiropteran bats have a world-wide distribution and are found in an array of
habitats ranging from sub-arctic tundra to desert. They occur on isolated islands and in
major metropolitan areas. Bats are thought to have originated in tropical forests due to
physiological restrictions related to heat and water loss (Kunz 1982; Strahan 1983). In
these areas heat and water loss were minimal however, bats eventually evolved and
dispersed into temperate and sub-arctic habitats. If species number is an indicator of how
successful an order is, then bats are the second most successful mammal group next to
the rodents. There are over 850 species of bats, which makes up 25% of all living
mammals (Kunz 1982).
With such high species diversity and wide-ranging distribution, in such an array of
habitats, bats have been affected by a variety of natural and human induced disturbances.
The loss, fragmentation or alteration of suitable habitat is a major threat to bat fauna all
over the world (Kunz 1982; Lunney et al. 1985; Lunney et al. 1988; Reed 1991; Thomas
& West 1992). In Australia, there have been few studies that specifically examine the
effects of human activity on insectivorous bats. Only recently have bats become a
consideration in the environmental impact assessment process (Smith et al. 1992). In the
past, recommendations from faunal surveys carried out for environmental assessment
have failed to consider the habitat requirements of insectivorous bats. As a result, many
of the current land management practices may be detrimental to bat populations. For
example, logging practices which historically have removed the oldest and largest trees
may have had a serious effect on those bat species which rely upon hollows for roosting
and nesting (Lunney et al. 1985; Tidemann & Flavel 1987; Lunney et al. 1988; Taylor &
Savva 1988).

Disturbance and removal of understorey vegetation from logging

operations may reduce the availability of food for bats foraging in the disturbed area.
Forest insect diversity is related to the complexity and diversity of understorey vegetation
(Janzen & Schoener 1968; Janzen 1973; Kalcounis 1992). The alteration or removal of
understorey plants may reduce the amount of insects available as potential food for bats in
the area.
The remaining portion of this chapter will review aspects of bat ecology and biology
which relate to understanding the potential effects of disturbance on bat populations. The
use of echolocation in bats and its potential as a survey technique will also be discussed.
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1.2

R O O ST IN G R EQ U IR EM EN TS

The distribution of most bat species are generally thought to be limited by the availability
and capacity of roost sites (Lunney et al. 1985; Tidemann & Flavel 1987; Lunney et al.
1988; Taylor & Savva 1988).

Most bats spend half their lives in their roosting

environments and, as a result, their evolution has been shaped by the influences of roost
conditions (Kunz 1982). Roost sites are used for mating, hibernating, the raising of
young and other social interactions. Roosts also serve as protection from predators and
adverse environmental conditions. Mortality and natality are closely linked to roost
characteristics and may determine the success of a species in a particular area (Kunz
1982). There are two main roost types, (i) caves and rock formations and (ii) vegetation,
mainly trees. Bats do roost in many types of artificial structures but this phenomenon is
not discussed in this thesis. No such structures are found in the large area of coastal
forest which comprises the study area.
1 .2 .1 C ave roosts
Caves roosts are permanent features and, for the most part, stable in their microclimate.
However, caves are not abundant and are not necessarily close to food resources (Kunz
1982). The inhabitance of caves by bats in temperate areas is sporadic and depends upon
the size and shape of the cave as well as its microclimate. Caves which contain intricate
pathways of cavities and chambers are generally more suitable than smooth open caves
(Kunz 1982).
1 .2 .2 T ree roosts
A large proportion (80%) of the microchiropteran bat species in south-eastern Australia
are known to utilise trees as roost sites (Lunney et al. 1985; Tidemann & Flavel 1987;
Lunney et al. 1988; Taylor & Savva 1988). The holes, hollows, cracks and bark of trees
are used by microchiropteran bats as day roosts. Larger hollows are also used for
maternity roosts. These roosts are relatively abundant but are an ephemeral resource
which would be expected to be maintained in a natural system by fallen trees continually
being replaced by mature ones.
Many studies have demonstrated the importance of trees for the majority of Australian
bats (Lunney etal. 1985; Tidemann & Flavel 1987; Lunney et al. 1988; Taylor & Savva
1988). These findings stress the importance of (i) large hollow forming trees which
typically have diameters at breast height (DBH) of greater than 80 cm, (ii) mature forest
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older than 100 years and (iii) the preservation of such areas, especially those adjacent to
logging operations. In a study of roost locations in Tasmania, Taylor and Savva (1988)
found almost all bats in the study roosting in trees with a DBH of 80cm or greater. They
did not find any roosts in regrowth forest adjacent to the mature forests.
Most tree dwelling bats have been found to show a high fidelity to areas that contain
several possible roost sites (Kunz 1982; Lunney et al. 1988). This behaviour may be an
adaptation to the ephemeral nature of tree roosts, with an individual having several
alternative roost sites in an area.
Tidemann & Flavel (1987), in south-eastern Australia, revealed that five bat species
occupy roosts with openings not much larger than themselves. This behaviour is thought
to reduce possible competition for roost sites from other animals as well as lower the risk
of predation. In this sense, bats may be the first obligate tree hole roosting species to
return to a regenerating area, since they use the smallest holes and are also able to fly to
distant foraging areas (Tidemann & Flavel 1987).
A study in the Mumbulla State Forest on the south coast near Bega, which included
radio-tracking, found that Chalinolobus morio flew several kilometres from their roosts
to utilise widespread resources (Lunney et al. 1985). Bats were captured in logged
forests, but were tracked back to roost sites in areas of unlogged forest. This study
recommended that, in order to conserve this particular species in a forest to be logged, a
range of different aged trees should be retained, including those old enough to contain
hollows.
1.3

FO R A G IN G STR A TEG IES

The foraging techniques employed by a particular bat species and the local abundance of
food plays an important role in determining the extent of the habitat utilised.
The foraging strategies of insectivorous bats cover a wide array of behaviours ranging
from the detection of flying insects with echolocation, to passively listening for insects
moving on a substrate (Neuweiler 1989; Grant 1991). Most of the bats found in
Australia can be classified as opportunistic feeders and may concentrate on a certain prey
item when it is abundant and easily caught (O’Neil & Taylor 1989; Fullard et al. 1991).
In Australia, some bats, such as Nyctophilus species and Maero derma gigas, use a
combination of strategies to forage (Suthers & Wenstrup 1987; Grant 1991). Myotis

adversus can skim insects from water surfaces (Jones & Rayner 1991), while
Nyctophilus gouldi can glean its prey from foliage (Grant 1991). High flying molossid
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bats such as Tadarida australis, catch insects in flight (Neuweiler 1984, 1989; Norberg &
Rayner 1987). Some long-eared bats have been observed on high speed film, detecting
and feeding on insects after they had moved on a substrate (Coles pers. comm.). The
bats did this based upon passive sound localisation and not with echolocation.
The choice of prey depends upon the bat’s sonar capabilities and physical limitations. In
a study of the feeding ecology of Tasmanian bats, prey size was correlated with bat body
size (O ’Neil & Taylor 1989). In this study, several bat diets contained high levels of

Lepidoptera and Coleoptera. This trend was most likely due to the bats opportunistically
choosing these abundant, easily caught, prey items and not the result of any true
specialisation. It seems that seasonal and daily fluctuations of insects may be responsible
for the generalised dietary intakes of most temperate bat species (Kunz 1974; O ’Neil &
Taylor 1989).
Some bats seem to match their foraging activity with insect abundance. Kunz (1974) and
Taylor & O ’Neil (1988) found a bi-modal pattern of bat activity and insect abundance
with an initial peak occurring in the first three hours after dark, and then a second peak
just before dawn, with activity levels dropping for both during the middle of the night.
Variation in this pattern depends upon several factors such as reproductive status, age,
sex, colony size, season and food type (Kunz 1974). The bi-modal pattern is most
commonly found in temperate bat species during the summer months. Heavy rains and
cool temperatures are the factors most likely to disrupt this behaviour (Kunz 1974;
Lumsden pers. comm.).
It seems that most temperate insectivorous bats have evolved their breeding season to
occur in summer months when food resources are abundant. In a study of the feeding
ecology o f the temperate bat Myotis velifer, Kunz (1974) found the highest food
consum ption occurred when the females were lactating and the m ales were either
moulting or going through spermatogenesis. This occurred in summer months when the
most insects were available.

1.4

FLIGHT MORPHOLOGY

The wing morphology and body size of an individual bat for a given species, together
with its echolocation call, may influence the area in which the animal can successfully fly
and forage. Several factors influence wing shape, including m igration, flight during
pregnancy, prey size and flight environments (Norberg & Rayner 1987).
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Several param eters are used to describe and classify the flight characteristics o f
m icrochiropteran bats. W ing shape and size influence speed and turning performance.
W ing loading, a ratio o f wing area to body mass, is positively correlated to flight speed
and negatively correlated with m anoeuvrability and agility (Norberg & Rayner 1987).
Another flight param eter is aspect ratio, which is the square of the wingspan divided by
the wing area. The wing area is the total area of the two wings including the body and
tail membrane of the bat. High aspect ratio is related to increased aerodynamic efficiency
and low er energy loss in flight (Norberg & Rayner 1987). W ing tip shape or index
describes the amount that the handwing (the wing area between the 2nd and 5th digits)
and armwing (the area between the 5th digit and the body) contribute to total wing area
(Norberg & Rayner 1987). A high wing index (I) is associated with rounded wingtips
and low I values with pointed wingtips.
As a result of variation in wing characteristics, high flight speeds are more likely in large
bats with pointed wing tips due to high wing loading and aspect ratio and low wing tip
index. Consequently, m olossid bats and large em ballonurid bats are more suited for
flying long, straight distances in uncluttered areas. Such bats have high flight speeds and
low cost of transport and some rely on their speed to catch insects (Norberg & Rayner
1987). In contrast, slow flying bats, such as Nyctophilus gouldi and Rhinolophus

megaphyllus , generally have broad, rounded wings, low aspect ratio and wing loading
with a high wingtip index. These bats are more manoeuvrable, can turn in small spaces,
and are suited to flying in cluttered habitats.
Predictions o f habitat use and foraging strategy based upon the influence o f wing
morphology and echolocation call structure should be treated with caution because only a
few well studied examples exist (Neuweiler 1984, 1989; Aldridge & Rautenbach 1987;
Norberg & Rayner 1987; Fenton 1981; Fullard etal. 1991).
W ing m orphology and foraging behaviour of bats has been linked with the type o f
echolocation system that a bat uses (Fenton 1981; Aldridge & Rautenbach 1987; Norberg
& Rayner 1987; Neuweiler 1989). Bats foraging in open areas tend to use more intense,
lower frequency ultrasonic calls of longer duration and tend to have long pointed wings.
Alternatively, bats that feed in dense vegetation, may have less intense, higher frequency
calls with shorter duration, and usually have short broad wings.
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1.5

E C H O L O C A T IO N

Insectivorous bats use echolocation to find and capture prey items, to navigate, and to
com m unicate (Fenton 1982). They can fly and hunt in total darkness and this adaptation
has allowed bats to exploit the otherwise little-used resource o f nocturnal flying insects.
A pproxim ately 700 o f the 750 species o f the M icrochiroptera are insectivorous
(N euw eiler 1989) and echolocation in the M icrochiroptera has proven to be quite
successful for some time. Bat fossil evidence from 50-60 m illion years ago shows the
same level of sophisticated echolocation design that can be found in extant species
(N euweiler 1984). The insectivorous bats have achieved such diversity for two main
reasons; (i) the ability to forage for insects in a minimally competitive niche and (ii) the
ability to fly at night, which reduces the num ber of potential predators. Few other
terrestrial animals have developed the ability to echolocate, the oil bird (Steatolnis sp.) of
South America and several species of swiftlet (Collocalia spp.) found in Australia (Kunz
1982). These birds are thought to have evolved echolocation independently o f bats and
use this ability to navigate in the dark caves in which they roost.
Echolocation is a sensory feedback mechanism that relies upon the production o f sound
pulses and the interpretation of returning echoes to perceive the surrounding spatial
environment. It is a neural adaptation of the hearing and vocal system (Neuweiler 1984)
and this active orientation system is not common in the animal kingdom (Heller 1989).
Echolocating bats typically produce high frequency, brief duration sounds through their
m ouths or noses (Kunz 1982; N euw eiler 1989). The echoes o f the high frequency
pulses are interpreted by the bat’s auditory system and used to form a mental image o f the
surrounding area (Neuweiler 1984). When flying and navigating, bats use echolocation
pulse sequences called search phase and produce a ‘feeding buzz’ when capturing prey in
flight (Fenton 1982). The search phase call is usually less modulated in frequency with a
lower bandwidth compared to the feeding buzz where the pulses are shorter in duration
and sweep through a greater frequency range.
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1. 5. 1 Types of echolocation pulses
1. 5. 2 Frequency modulated pulses
Echolocating bats produce different types of ultrasound. One type of signal is frequency
modulated (FM), which ranges or ‘sweeps’ over a frequency band of an octave or more.
In general, the sweep range and rate depends upon the species (Neuweiler 1989).
Shorter sound pulses are used to avoid overlap and interference with returning echoes
during prey capture, landing, and flying in cluttered areas .
FM echolocation pulses are thought to be adaptations for measuring the distance to
potential prey items, target texture discrimination and increased target resolution
(Neuweiler 1989). Simmons (1973) demonstrated that bats measure distance by the time
elapsed between emitting a signal and its returning echo. This experiment also showed
that echolocating bats can detect differences in the distance between targets as small as 12
mm and detect differences as small as 70 nanoseconds in returning echoes.
Frequency modulated pulses aid in structure and texture discrimination between prey
items and background substrates . Neuweiler (1983) found that structure resolution in
bats is based upon spectral analysis of returning echoes. Long-eared bats can detect prey
from changing ‘echo colours’ (Neuweiler 1989). The spatial patterns reflected from an
insect sitting on a substrate can be imagined as reflected light rays. The broadband signal
emitted by a bat can be thought of as white light containing all the initial frequencies. An
echo returning from a substrate with an insect on it may have different or missing
frequencies due to interference with the insect (Neuweiler 1989). Experiments have
demonstrated that some bats, in particular the Indian false vampire bat Megaderma lyra,
can detect a change in target depth from 1.3 to 1.5 mm by sensing the absences of
‘colour’ in a returning echo (Schmidt 1988). This missing frequency or ‘colour’ is from
an interference of the echoes bouncing off the substrate and hitting the insect.

1. 5. 3 Constant frequency pulses
The use of constant frequency (CF) signals is another type of echolocation call used by
bats. CF pulses, coupled with an FM component, are used by species which forage in
cluttered areas to discern between echoes of fluttering insects and background echoes
from vegetation (Neuweiler 1984). As a result of insect wing movement, characteristic
frequency and amplitude m odulations will appear in the returning echo, these
modulations can be distinguished from the echoes of background vegetation. In order to
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detect these modulations, bats with CF/FM echolocation pulses have developed very
narrowly tuned cochlear filters (the acoustical fovea) which finely resolve frequencies of
the returning echo (Neuweiler 1984). Rhinolophid and hipposiderid bats possess these
narrowly tuned cochlear filters and forage in cluttered environments (Neuweiler 1983).
This type of auditory system is adapted to reject echo clutter from the background echoes
and enhance the detection of fluttering insect wings (Neuweiler 1989).

1. 5. 4 Echolocation call types and predicted foraging strategies
It is thought that the type of habitat and the foraging strategy used by a particular bat
species influences the kind of echolocation signal used (Neuweiler 1984, 1989; Aldridge
& Rautenbach 1987; Norberg & Rayner 1987; Fullard et al. 1991). Studies suggest six
major foraging/echolocating strategies:
(i) Open foraging or above vegetation with fast, long-range hawking as seen in the
molossids and larger emballonurids. These bats fly in long arcs at high speeds (9-15m/s)
and search for insects high above the ground where there are no obstacles. Most of these
species emit shallow frequency modulated (FM) pulses, almost CF-like, that have a
duration of 8-30 ms during the search phase. These search phase signals may be
relatively low in frequency and some cases, such as T. australis, are audible to humans.
(ii) Foraging in open spaces between vegetation with short-range hawking.

Some

vespertilionids and the smaller molossids are known to fly along forest edges, in open
woodlands and along tracks through vegetation. These bats fly within 1-2 meters of the
foliage or substrate, emitting FM pulses with long, relatively constant frequency end
portions.
(iii) Foraging over water surfaces with trawling to catch small fish and aquatic insects.
Some Myotis species fly low over water and either catch insects in the air or skim them
from the surface of the water. Other true ‘fishing bats’ such as Noctilio leporinus and

Myotis viveri, catch small fish that swim near the surface. There is evidence that the
Australian species, M. adversus, catches fish from the surface of the water (Strahan
1983). Bats that forage over water use a range of echolocation call types and no
correlation has been found between the type of echolocation call and the foraging pattern
for these ‘water foragers’ (Norberg & Rayner 1987).
(iv) Foraging around and within dense vegetation with a flycatching and perching style.
Horseshoe bats (Rhinolophidae & Hipposideridae) and long eared bats (Nyctophilus
spp.) forage in and around vegetation by catching insects on the wing or by perching in
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the vegetation and waiting for insects to fly past. Rhinolophus species use both methods
and can hang up on exposed branches and scan the area for any approaching insects and
make brief pursuits on incoming insects (Fenton 1981). These bats, except Nyctophilus
spp., use very long duration pure tone (CF) pulses, the echoes of which are resistant
(Section 1.6.3) to the interference caused by the many echoes from the surrounding
substrate (Neuweiler 1983).
(v) Foliage and ground gleaning bats. Megadermatids, nycterids and some of the long
eared vespertilionids fit into this category and pick insects from the ground and
surrounding vegetation (Norberg & Rayner 1987). These bats typically use very short
duration (0.3-4ms) broadband (multi-harmonic) calls and some passively listen for prey
movement without using echolocation (Neuweiler 1989). Megaderma lyra has been
shown experimentally to be able to find prey with the accuracy of an owl without using
echolocation (Fiedler 1979). This passive listening process is thought to be as equally
im portant as echolocation in the foraging gleaning bats. Ground gleaning bats are
adapted to detecting faint noises and are very sensitive to frequencies below their sonar
(N euw eiler 1989).

The highest auditory sensitivity in m am m als is found in

megadermatids, which have auditory neurons that are specialised to pick up faint noises
(Guppy & Coles 1989; Neuweiler 1989).
(vi) Carnivorous bats. Includes megadermatids, such as, Macroderma gigas, which
perches listening for birds, frogs, lizards and large arthropods, without actually using
echolocation. These species do use echolocation to navigate and can catch insects in
flight by echolocation.

1. 5. 5 Possible foraging restrictions resulting from echolocation call
characteristics
The type of echolocation call that a bat uses may limit the type of habitat in which it can
successfully forage. Studies have indicated that the type of echolocation used along with
the physical restraints such as wing shape and size are correlated with foraging areas
(Neuweiler 1984; Norberg & Rayner 1987; Fullard et al. 1991). Neuweiler (1984)
found that the frequency of best hearing was correlated to foraging zones. Above canopy
foragers hear best at low frequencies and use echolocation pulses in this range, while
below canopy foragers hear best at high frequencies, which is where m ost of these
species produce echolocation pulses. This is explained by the fact that sound absorption
in the atmosphere increases with an increase in frequency. For example, a signal emitted
at 30kHz at 90 dB SPL will produce an echo on a target 20m away which will be 20 dB
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when the bat hears it, but at 120 kHz the same echo sensitivity will only work for a target
6m away (Neuweiler 1984).

Bats foraging and flying in open areas do not have to deal with echo clutter and have little
difficulty identifying echoes from prey in an uncluttered environment (Neuweiler 1989).
Consequently, when foraging at high speeds over vegetation, bats need to be able to
detect insects at long distances so they use low frequency echolocation. The use of low
frequencies gives them greater distance detection at a cost of poorer resolution. The bats
can get away with the poor resolution since any returning echo will m ost likely be a
potential prey item.
In contrast, bats foraging in closed environm ents deal w ith echo clutter by (i)
distinguishing insect fluttering from background echoes (ii) by detecting the absence of
certain frequencies in echoes (echo colour) and (iii) by listening for prey m ovem ents
without using sonar.
1 .6

ID E N T IF IC A T IO N BY E C H O L O C A T IO N

The echolocation calls emitted by insectivorous bats while navigating can be used to
identify free-flying bats in the field. With ultrasonic bat detectors it is possible to non
intrusively monitor bat activity in a particular area. Many studies have used echolocation
call m onitoring to study m icrochiropteran behaviour in the field (Fenton & Bell 1981;
Fenton 1982; Neuweiler 1983; Judess 1987; Thomas 1988; Fenton et al. 1992; Thomas
& W est 1992). Fenton and Bell (1981) used several call param eters such as frequency
content, duration, and frequency change over time (sweep rate) recorded from free-flying
bats, to identify 39 North Am erican bat species.

They found that the accuracy of

identifying bats by this method depended largely upon the diversity and activity o f the bat
species present. Fenton (1981) used these same param eters to identify bats from their
search phase calls in a study of foraging and habitat use by bats in a region of North
Queensland. Most bats have characteristic echolocation pulse param eters which can be
used identify free-flying individuals down to the species level.

H ow ever, some

echolocation calls can be very similar between species, which can m ake it difficult to
distinguish between such species (Coles pers. comm.)
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1.7

CONCLUSION

As in other areas of zoology, the emphasis on the study of bats was initially based upon
physiology: hibernation, thermoregulation and water and energy balances. This approach
may de-emphasise the effect of sensory limitations on habitat use and may be misleading
(N eu w eiler 1989).

T hese factors alone, how ever, do not allow an adequate

understanding o f the distribution and abundance of bat species. Clearly habitat use is
also influenced by wing morphology, ecological requirements and echolocation abilities.
Studies now need to focus on how bats utilise their habitat and particularly the impact of
disturbance upon these habitats. This study offers a new insight to bat activity within
forest stands and the extent to which this activity is altered by various disturbance
regimes.

Changes and disturbances to natural systems in which animals have evolved m ust have
an im pact upon the species present in these areas. In Australia, several studies have
exam ined the effects of disturbance, logging in particular, on the forest fauna of south
eastern Australia (Loyn 1980; Smith 1985; Lunney & Barker 1986; Davey 1989; Lunney
1991). These studies have stressed the importance of forestry m anagem ent techniques
which consider the ecological needs o f the fauna in the areas being m anipulated. This
study incorporates a relatively new sampling technique to examine the effects of logging
and habitat on the bats of the Kioloa State Forest.

1 .8

AIMS OF THE STUDY

This thesis examines the bat activity between different logging regimes and habitat types
the Kioloa State Forest based on species richness, relative activity and foraging at an
overall and individual species level. These parameters were electronically sampled at the
different sites using a handheld bat detector. This sampling regime allowed bat activity to
be monitored within forest stands, without altering the animals behaviour.
The main objectives o f this study are to; (i) Implement a method of sampling the activity
o f bats by their echolocation calls, (ii) Examine the effects of logging on the bat fauna in
forest stands of Spotted gum (Eucalyptus maculata). (iii) Compare the insectivorous bat
fauna o f ridges and gullies in stands o f Sydney Bluegum (Eucalyptus saligna) and
Sydney Peppermint {Eucalyptus piperita).

12

C h a p te r 2
M ETHODS
2 .1

S IT E D E S C R IP T IO N S

The study area was located in the Kioloa State Forest (35°35'S, 105°15'E) on the south
eastern coast o f NSW, 13 km north of Batem an’s Bay (Figure 2.1a). A detailed map
showing specific site locations is presented in Figure 2.1b. The forest contained a range
of plant species from both the Sydney Basin flora and the Victorian-Southcoast N.S.W.
flora. The area was a eucalypt-dominated sclerophyll forest with pockets of rain forest
species occurring in some of the sheltered gullies.

A detailed description of the

vegetation can be found in Davey (1989) and Moore et al. (1991). The area is a multiple
use State Forest which has been logged since the 1900's, and it is likely that the entire
forest has been selectively logged two to three times over the last century (Watts pers.

comm.).

Detailed characteristics of the specific sites of this study are described in

Appendix I.
2 . 1 . 1 L ogging h isto ry stu d y
There were three main logging histories examined in what is referred to in the thesis as
the ‘logging history study’. All sites in this study were situated in forest dominated by

Eucalyptus maculata (Appendix I). The term ‘m ature’ is used to describe sites that
represent the oldest most undisturbed sites to be found in the forest. These sites had not
been logged or burnt since the 1960’s and had well developed, diverse understoreys.
The logging treatments of these sites were light selection in which only a percentage of
the trees are removed so that 60% of the canopy is retained. Transects numbered 1, 5 &
6 were situated in these forest types (Figs. 2.1b & 2.2).
‘Selective’ sites were those which had been selectively logged between May and August
1992. These sites had heavy selection logging treatments in which 15-30% of the canopy
was retained. Prior to this logging cycle, these areas had not been logged since 1980/81
and were lightly burnt after logging to stimulate regrowth and remove excess timber
(Watts, pers. comm.). These sites were similar to the mature sites before they were
selectively logged, but as a result of the logging, have fewer large trees and a less
developed understorey. Transects numbered 7, 8 & 9 were located in these forest types
and each transect represents the same heavy selection logging treatment (Figs. 2.1b &
2.3).
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Figure 2.1

Kioloa State Forest study location (a). The location of specific transects
within the Kioloa State Forest (b) can be found on the following page.
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15

Figure 2.2

Example of a mature, ridge forest site 30 years since selective logging.
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Figure 2.3

Example of a site 1 year after selective logging,
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‘R egrow th’ is used to describe sites that were clear felled in 1970 and at the time o f this
study consisted of even-aged, 23 year old regrowth forest. These sites had virtually no
understorey and were burnt in 1991. Transects numbered 10, 11 & 12 were situated in
this logging history (Figs. 2.1b & 2.4).

2 . 1 . 2 Before and after logging study
The term ‘before and after’ is used to describe a study o f bat activity in a forest stand
directly before and immediately after heavy selection logging. Prior to logging this site
was an E. macw/ara-dominated, mature forest with a well developed understorey, but
after the logging treatment the understorey was severely reduced (Appendix I). Transects
numbered 13, 14 & 15 were situated in this forest stand (Figs. 2.1b & 2.5 a & b).

2 . 1 . 3 Ridge and gully study
‘Ridge and gully study’ is used to describe a study of bat activity on ridges and in gullies
o f high and low quality forest stands. The high quality areas of the Kioloa State Forest
were typically located on aspects ranging from north-easterly to southerly and along
drainage lines. These areas are mainly blue gum, spotted gum and blackbutt forest types
(W atts, pers. comm.). Low quality areas include Stringybark, Bloodwood, Sydney
Pepperm int and Yertchuk forest types and tend to be on the more exposed, drier western
aspects (Watts, pers. comm.). Sites 1-4 are situated in these areas, and each contains a
transect on a ridge and its associated gully (see Appendix I & Figs. 2.2 & 2.6).
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Figure 2.4

Example of a regrowth site 23 years after clear felling

Figure 2.5

Example of a site before (a) and after (b) selective logging,
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Figure 2.6

Example of a gully site with a harp trap placed over the creek.
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2 .2

EXPERIMENTAL DESIGN

This section will describe the methodology incorporated in each of the experiments
followed by methodology of the electronic sampling.

2 .2 .1 Transect design for the logging study
To compare the influence of logging history on species richness and bat activity, three
transects were constructed in each of the following logging regimes: (i) light selection
logging in 1950, ‘mature’ sites (ii) heavy selection logging in 1992, ‘selective’ sites (iii)
before and after heavy selection logging in 1993, ‘before and after’ sites (iv) clear felling
in 1970, ‘regrowth’ sites. All transects used in the logging comparisons were randomly
selected within homogenous logging coupes, with Eucalyptus maculata as the dominant
tree species. Each transect was situated in a separate forest stand with the exception of
the three transects used in the ‘before and after’ study. These transects were placed
within one logging coupe but spaced far enough apart to reduce the likelihood of
detecting a bat foraging at one transect at another nearby transect. All three transects had
to be placed in this one coupe because it was the only one scheduled to be logged during
the study. The starting point for each transect was chosen by placing a grid with
numbered cells over a topographic map and then choosing the starting grid number from
a table of random numbers. The position of the transect was arranged so that the entire
transect was within the same forest type and logging regime.
All transects were 300m long containing four sample units, one every 100m (see Fig.
2.7). Distances between sample units were measured with a 100m tape measure and
marked with flagging and reflective tape placed at eye level for easy sighting. In the three
transects that were sampled before and after logging, the markers were placed on small
trees that were less likely to be logged. Thus is was usually possible to sample at the
same exact point before and after logging.
Transects were not placed within 40m of gullies, tracks or forest edges to maintain
sampling within homogenous vegetation. Biases may be associated with the potential use
of such flyways by bats, since they may use these unrestricted flyways to commute
between roosting and foraging areas.
The transect design shown in Fig. 2.7 was chosen to allow for a more representative
sample of a particular forest stand. If sampling of bat activity took place for 40 minutes
at one unit rather than 10 minutes at four units , bat activity levels may be exaggerated.
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For example, if a 40 minute sampling period was carried out at a single site where an
individual bat was continuously foraging, the num ber of bat passes may not be
representative of the whole forest stand. If the units are spread out through the area this
exaggeration is less likely to occur.

2 .2 .2 Transect design for the ridge and gully study
To make a comparison of species richness and bat activity between ridges and gullies,
four transects were placed on ridges and four in the adjacent gullies. These four ridge
and gully pairs were selected because they possessed similar structural characteristics
within a homogenous forest type.
All gullies sampled had creeks with running water and formed natural flyways through
the surrounding vegetation. Due to the logging practice of leaving a 30m buffer zone
around creeks, the gullies possessed many large trees and had well developed
understorey vegetation. The transects were placed parallel to the creeks with four sample
units 100m apart (see Fig. 2.7).
The ridge transects were also situated within homogenous forest types and were not
placed on any tracks or near forest edges. These transects had the same design as shown
in Fig. 2.7.

2 .3

SAMPLING TECHNIQUE

During the seven months between October 1992 and May 1993, the 12 transects in the
logging comparison experiment were sampled (see Section 2.4) a total of five times and
the eight transects used in the ridge and gully comparison were sampled four times, with
the exception of Transect 1 Ridge, which was used in both comparisons and sampled five
times. The study period was chosen for the following reasons: (i) it covers an entire
season (spring to autumn) of maximum bat activity and (ii) logistical restrictions on the
use of vehicles and equipment. Sampling did not take place between Novem ber and
December.
The sampling of transects began each evening after sunset but before total darkness,
corresponding with the emergence of bats from day roosts. Sampling was completed
within a four hour period after this time. Each sample unit was electronically monitored
for bat activity (for details see Section 2.5) for 10 m inutes, so each transect was
m onitored for a total of 40 minutes in each sample period. No sampling took place
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during adverse weather conditions, such as high wind, rain or low temperatures, which
can suppress bat activity (Kunz 1974; Taylor & O'Neill 1988; Lumsden pers. comm.)
On the evenings that sam pling took place, three to four transects were m onitored
depending on the time required to travel between the sites. The sampling cycle over the
entire study period was such that every transect was sampled at least once during the time
period right after sunset when there is a peak of bat activity (Kunz 1974; Taylor &
O'Neill 1988). To reduce any temporal sampling bias, the order in which transects were
sampled was chosen so that every transect was sampled over a range o f times after
sunset, so that no transect was always sampled first.
In addition to the previously mentioned sampling effort, several two hour sample periods
were performed to investigate how the bat activity changed throughout the evening. On
three occasions the investigator stayed at one sample unit and monitored bat activity
continuously for two hours. This was done twice on Transect 1 Ridge and once on
Transect 4 Ridge.

2 .4

MONITORING OF THE TRANSECTS

In order to measure bat activity within a forest stand, a non-intrusive sampling technique
was used. A bat detector (Model S-25 Ultra Sound Advice, London UK) was used to
record and monitor bat activity in this study (Fig. 2.8). This passive sampling technique
allowed bats to be monitored in areas where they are not easily trapped, without altering
their foraging behaviour.
The S-25 bat detector (Fig. 2.8) contains a broadband microphone which can detect
sound frequencies between 10 and 200 kHz. The broadband circuitry is used to produce
a signal that is divided down by a factor of 10 so that any high frequency sound used for
echolocation is brought into the audio range of human hearing.

For exam ple an

echolocation pulse of 40 kHz will be divided down to produce a signal of 4 kHz. It is
therefore possible to record such signals on a conventional cassette recorder for later
analysis.

A second circuit involves heterodyning which allows tuning to specific

frequencies by turning the dial. This circuit can be used in ‘real tim e’ to detect bat sonar
and find the frequencies which contain the maximum energy in the echolocation call.
Since this tuning in on the sonar signal can be done at the time of sampling, it is very
useful for preliminary species identification based upon peak frequency and a prior
knowledge of the echolocation calls of the species.

25

By using the S-25 bat detector, the outputs of both of these circuits were separately
recorded onto the left and right channels of a cassette tape using a Sony Walkman
Professional Cassette Recorder (Model WM6-OC). Only the divided down signal can be
analysed, but both outputs are available simultaneously. Voice comments were also
recorded onto one channel of the cassette recorder as necessary. Any voice commentary
was recorded on the heterodyne channel so that the divided signal was still recorded
intact. Ninety minute cassette tapes (Sony & TDK) were used to record echolocation
calls during the sampling of transects and the release of captured individuals. One
transect’s worth of recording (40 minutes) was put onto one side of the tape. A
calibration tone of 40 kHz was recorded on each tape to serve as a frequency reference
during subsequent sound analysis.
At each of the sample units, bat activity was continuously monitored and recorded using
the S-25 bat detector connected to the cassette recorder. Any bat passes were tuned in
with the heterodyne circuit for preliminary on site identification, but without interfering
with the recording of sonar via the divided down channel. This divided-by-10 signal was
more accurately analysed in the laboratory using a special purpose digital sound analysis
system.
Each 10 minute continuous sampling period consisted of scanning the area with the bat
detector in hand, while tuning the heterodyne channel (Fig 2.8). Headphones were worn
during recording to allow for better discrimination of bat passes from background noise.
The divided down signal played through the left earphone and the heterodyne signal
through the right earphone, so that the possible sonar frequency range could be scanned
with the heterodyne circuit whilst still listening to the divide down circuit.
The ultrasonic microphone on the bat detector is highly directional, so in order to scan as
much area as possible, the detector was continuously turned and rotated from horizon to
horizon (Fig. 2.9). The scanned area can be thought of as a spatial envelope in the shape
of a hemisphere with the maximum bat detection radius dependent on the species
encountered. The different detection ranges of bat echolocation calls are presented in
Table 3.3 and discussed in more detail in Section 4.5.
As each echolocation call sequence from a bat was encountered, the heterodyne dial was
tuned to the frequency and noted. When possible the bat was observed with a spotlight
to examine flight behaviour. Behavioural characteristics such as the bat’s height above
the ground, flight style and position relative to the vegetation were noted. Analysis of
echolocation signals was the main form of data analysis used in this thesis and is
discussed in detail in Section 2.8
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2 .5

TRAPPING OF BATS IN THE STUDY AREA

Trapping of bats was carried out in all of the forest types and logging regimes of the
study, as well as other areas including forest tracks, creeks and irrigation dams that were
situated within 500m of the transects. Trapping served two main purposes in this study.
The first was to establish an echolocation call library (see Section 2.6) for the Kioloa
State Forest bat fauna. The second reason for trapping was to supplement the overall
species list of the area. Due to the potential biases associated with harp trapping, these
data were not the basis for the comparison of the transects. This issue is discussed in
more detail in Section 4.4.
Collapsible harp traps (Ausbat Research Equipment, Victoria) were placed on forest
tracks and other flyways adjacent to the study transects. All of the gullies examined in
this thesis were trapped for bats. The traps were put in areas where the vegetation
surrounding the flyway was dense enough to form a tunnel which channelled the bats
along a restricted flight path. Trapping in this type of vegetation increases trapping
success as the bats are funnelled towards the traps.
The harp traps were also placed in natural flyways over creeks and along the edges of
man-made dams. This was done to capture species which fly high above the ground,
such as S. rueppellii and F. tasmaniensis, but must come down low to drink (Strahan
1983; Coles pers. comm.).
In general, traps were deployed before sunset and remained in position for the entire
night. They were serviced once per evening and again in the following morning to
remove and identify trapped bats. Captured individuals were identified using several
field guides for the region (Hall & Richards 1979; Strahan 1983; Reardon & Flavel 1987;
Pamaby 1992). The sex, forearm length and wing outline were recorded. Bats were
released on the night of capture or the next evening if they were taken from the traps in
the morning.

2 .6

ECHOLOCATION RECORDING OF RELEASED BATS

An echolocation call library was developed to aid in the identification of free-flying bats
encountered whilst monitoring the transects. The free-flying, search phase echolocation
pulses of bats were recorded by releasing trapped individuals. The calls from these
sequences were compared to the unknown, free-flying signals of bats encountered whilst
sampling the transects.
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Trapped bats were identified to species, released and their free-flying echolocation calls
recorded onto cassette tape using the same technique as in the sampling of the transects.
In many cases, bats were released just before dark so there was enough light to see where
the animal was flying and help in recording free-flying echolocation pulses. Since bats in
the area were occasionally seen flying at this time of the evening, it seemed appropriate to
release bats at this time. With the use of two investigators it was possible to record
released bats, one person carried out recordings with the hand-held bat detector whilst the
other person released the bats toward the microphone. From this method it was possible
to obtain free-flying, search phase echolocation pulses by tracking the bat for as long as
possible. When possible the bats were followed on foot to continue recording after the
release. Bats were released along forest tracks in an attempt to get the animals to fly
towards the detector. This method was quite successful since most species chose the less
restricted flight path towards the bat detector. As the bat flew away, the distance at which
the sonar was no longer detected was also noted. The call library for each species
consisted of the analysis of five echolocation pulses from each of four individuals, except
when only one or two individuals of a species were captured (see Section 3.4). The
pulses used were search phase calls and were not associated with feeding behaviour.
This approach was used because echolocation pulses emitted when a bat is in pursuit of
an insect have less diagnostic value for species identification. These feeding buzzes are
much shorter in duration, higher in repetition rate and tend to have a steeper frequency
sweep than search phase calls (Fenton & Bell 1981; Coles pers. comm.). These feeding
buzzes are much less consistent in their structure than search phase calls and thus were
not used in the identification of unknown free-flying bats encountered whilst monitoring
the transects. The pulses used for reference were chosen from the high amplitude portion
o f a recorded sequences and only clean, undistorted pulses that were clearly
distinguishable from background noise were analysed.
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Figure 2.8

S-25 bat detector and Sony Professional recorder used to sample transects in
Kioloa State Forest. The heterodyne tuning dial is shown on the bat detector.
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Figure 2.9

Estimated echolocation detection area for below canopy bats.
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2 .7

ANALYSIS OF ECHOLOCATION RECORDINGS

The analysis of echolocation calls was performed on a custom digital sound analysis
system designed especially for bat sonar (developed by Dr. R.B. Coles in conjunction
with K nscom p Pty. Ltd Victoria, as the Ultrabyte UFO; and FFT program s from Dr.
J.M .V. Rayner, University of Bristol, UK). Echolocation call param eters such as peak
frequency, minimum frequency, bandwidth and pulse duration were used to characterise
species from their free-flying, search phase echolocation calls (Table 3.2).

These

characteristics were taken from tape recordings of divided down (by 10) signals and
replayed on the same recorder as originally recorded.
All bat passes recorded from the transects were initially examined on an oscilloscope to
check their quality. A bat pass was considered to be two or more echolocation pulses in
sequence as picked up by the bat detector. A feeding buzz was considered to be a rapid
series o f short duration o f pulses, characteristic o f an attem pted or true prey capture
(Fenton & Bell 1981; Coles pers. comm.). From this information, the total num ber of
bat passes at each transect was determined, as well as the total number of feeding buzzes
detected. From this process, echolocation sequences that were clean (good signal to
noise ratio) enough to warrant further analysis were chosen.

2 .7 .1 Echolocation pulse parameters
The analogue signals recorded on cassette tapes were replayed into an analogue to digital
(A/D) converter (sampling rate of 32kHz) as part of the sound analysis system. The
follow ing acoustical param eters were taken from the digitised signals by using the
analysis program:
Peak frequency: (Fig. 2.10) the frequency that contains the maximum amount o f energy
in a given echolocation pulse, as calculated by the fast fourier transform analysis (FFT).
M inimum frequency: (Fig. 2.11b) the lowest frequency o f the sweep for a given pulse
was determined by a zero crossing analysis (ZCA). The actual frequency was determined
by moving a cursor to the estimated lowest point of the frequency sweep.
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Bandwidth: (Fig. 2.10) of a given echolocation signal is the range of frequencies in kHz
contained in a pulse at a given energy level (dB) below the peak. Energy bandwidths
w ere m easured from the FFT m odulus by positioning cursors on the screen,
corresponding to 6dB and 36dB levels below the peak for the power spectrum. The 6dB
level corresponds to the half power bandwidth and 36dB is close to the full pow er
bandwidth.
Pulse duration: (Fig. 2.1 la) was measured as the time from the beginning to the end of
one echolocation pulse. Pulses durations were m easured on the display screen to the
nearest 0.1 msec.

Relative amplitude
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Figure 2.10

Fast Fourier Transform analysis print out showing peak frequency and
bandwidth at36 dBof an echolocation call from a free flying
Chalinolobus gouldii released in the Kioloa State Forest.

Frequency (kHz)

Relative amplitude
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Figure 2.11

Wave form and zero crossing of an echolocation call from a free flying
Chalinolobus gouldii released in the Kioloa State Forest. The wave form
(a) and zero crossing (b) show duration and minimum frequency.
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2 .7 .2 Identification of bats by echolocation calls
The call param eters that were obtained from recordings o f unknow n individuals
encountered whilst monitoring the transects were compared to those in the call library
(Table 3.2). In practice most of the species monitored on the transects were most reliably
distinguished by their peak frequencies (Fig. 2.10). For species that were more difficult
to identify, several param eters were compared with ranges in the call library. This
comparison also included examining the sonagrams (Fig. 3.1) of the species in question
and by overlaying graphical printouts to look for similarities or differences. A further
co m p ariso n could be m ade by com paring the average sw eep rate (18dB
bandwidth/duration) for the calls in question. For species where there were no clear
differences, statistical comparisons (t-test) were used to look for significant differences
between the call parameters of known and unknown individuals.

2 .8

STATISTICAL ANALYSIS FOR THE LOGGING HISTORY
STUDY

This section describes the statistical test employed to exam ine the differences in bat
activity between the three logging histories that were sampled. The data set is based on
five replicate samples of three transects in each logging history.

2 .8 .1 Analysis of overall bat activity.
The first series of statistical comparisons examined bat activity at the overall level, which
incorporated all the species encountered. Overall bat activity levels (bat passes) and
foraging levels (feeding buzzes) between the three logging regimes were compared using
a One Factor Analysis of Variance (ANOVA). The factor was logging history with three
levels corresponding to the each of the logging histories exam ined. D ata were the
num ber o f bat passes or feeding buzzes encountered during each o f the five sample
periods. Cochran's C test was used to test for homogeneity of the variances. Data were
square root transformed which removed the heterogeneity revealed by the Cochran's test.
A T u k ey ’s HSD (honestly significant difference) test was used as an a posteriori
comparison, to determine which of the logging histories were significantly different (Zar,
1984).
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2 .8 .2 Species activity
The next level of statistical analysis examined the effects of the three logging regimes on
bat activity (bat passes) at the individual species level. A two factor ANOVA was used to
test for the effects of logging on the commonly encountered species. Only the seven
m ost ‘com m on’ species were used in this com parison as their data w ere norm ally
distributed (i.e not dominated by zeros). The first factor was species with seven levels
(com m on species) and the second factor was treatm ent with three levels (logging
history). The data represent the total number o f bat passes encountered over the five
sam ple periods for each transect.

Again, Cochran's C test was used to test for

homogeneity of the variances. The data were square root transformed which removed the
heterogeneity revealed by the Cochran's test. A Tukey’s HSD was perform ed to test for
differences among the means (Zar 1984).
A ctivity level in the rarer species were examined using a non-param etric two factor
ANOVA, modelled after the single factor Kruskal-W allis test (Zar 1984). This test was
used due to the large number of zeros in the data set. Due to the large amount of tied
data, the total MS was calculated by methods outlined on page 222 of Zar (1984). The
first factor was species with three levels and the second factor was logging history with
three levels.
Bat foraging level (number of feeding buzzes) was compared using a non-parametric two
factor ANOVA modelled after the Kruskal-W allis test (Zar 1984). The first factor was
species with eight levels and the second factor was logging history with three levels. The
data represent the total number of feeding buzzes encountered over the five sample
periods for each transect. Next, an a posteriori, non-parametric multiple comparison for
tied data was used, based on the Tukey’s test, to determine which of the samples differed
significantly (Zar 1984). This test uses the rank sums instead o f the m eans for the
pairwise comparisons.
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2 .9

STATISTICAL ANALYSIS FOR THE BEFORE & AFTER
LOGGING STUDY

This section describes the statistical analysis used to test for differences in bat activity
levels in a forest stand that was sampled immediately before and after selective logging.
Three transects were sampled five times, both before and after selective logging.

2 .9 .1 Analysis of overall bat activity.
Overall bat activity level (bat passes) and foraging level (feeding buzzes) before and after
selective logging was compared using a single factor ANOVA (Zar 1984). The factor
was logging with two levels (before & after logging) and data were the total number of
passes or buzzes for each of the five sample periods for each transect. The variances
were tested for homogeneity using Cochran’s test. Although the variances were not
homogeneous and the data contained large numbers of zeros, no non-parametric tests
were performed. Instead, the activity levels of individuals were compared as outlined in
the next section.

2 .9 .2 Species activity
The next level of statistical analysis examined the effects of selective logging on bat
activity (bat passes) at the individual species level. A two factor ANOVA was used to
test for the effects of logging on the commonly encountered species. Only data from the
eight most ‘common’ species were suitable for a parametric comparison. The first factor
was species with eight levels and the second factor was treatment with two levels (before
and after logging). The data represent the total number of bat passes encountered over
the five sample periods for each transect.

Cochran's C test was used to test for

homogeneity of the variances. The data was square root transformed which removed the
heterogeneity revealed by the Cochran's test. A Tukey’s HSD was performed to test for
differences among the means (Zar 1984).
The remaining species activity levels were examined using a non-parametric two factor
ANOVA (Zar 1984). The first factor was species with two levels and the second factor
was treatment with two levels.

Next, an a posteriori, non-parametric multiple

comparison was performed.
The effects of logging on foraging level (feeding buzzes) was compared using a non
parametric two factor ANOVA. The first factor was species with eight levels and the
second factor was logging with two levels. The data represent the total number of
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feeding buzzes encountered over the five sample periods for each transect. Next, an a

posteriori, non-parametric multiple comparison for tied data was performed (Zar 1984).
2 .1 0

STATISTICAL ANALYSIS FOR THE RIDGE & GULLY STUDY

This section outlines the statistical analysis used to compare the bat activity between
transects situated on ridges and in gullies. The data originate from four replicate samples
from four transects in each category.

2.10.1

Analysis of overall bat activity

This analysis examined the total number of bat passes for the four sample periods using a
one factor ANOVA (factorial). The factor was site (i.e. ridge & gully) and data were the
total number of bat passes in each sample period for each transect. The overall number of
feeding buzzes could not be statistically analysed because too few data points existed.

2.10.2

Species activity

The next level of statistical analysis compared the differences of bat activity at the species
level between ridges and gullies. A non-parametric two factor ANOVA was performed
on both the number of bat passes and the number of feeding buzzes. The first factor was
species, with seven levels for the bat passes and three levels for the feeding buzzes. The
second factor in both cases was site with two levels (i.e. ridge & gully).

2 .1 1

WING MORPHOLOGY

Wing outlines were traced from captured bats and used to determine flight characteristics
such as wing area, aspect ratio, wing loading and wing tip index. W ing areas were
measured with a digital planimeter (Planix 7, Tamaya). The method for determining the
wing characteristics was based on those described by Norberg and Rayner (1987).
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Chapter 3
RESULTS
3.1

SPECIES IDENTIFICATION BY ECHOLOCATION CALL

In the study area, 15 species were identified by echolocation call detection (Table 3.1).
The echolocation call parameters used as reference calls from released bats are presented
in Table 3.2. These reference calls were used to identify unknown species encountered
whilst monitoring the transects. Call parameters include peak frequency, minimum
frequency, duration and energy bandwidths. As can be seen from Table 3.2, most of the
species can be distinguished by their peak frequency (Fig. 2.10). In addition, sonagrams
(Fig. 3.1), pulse wave forms (Fig. 2.1 la) and zero crossings (Fig. 2.11b) were used to
differentiate between the sonar calls of unknown bats.
Two pairs of species (N. gouldi and N. geoffroyi', V. regulus and C. morio ) could not
be separated due to similarity of their echolocation calls (Fig. 3.1 & Table 3.2). The two
species, N. gouldi and N. geoffroyi could not be separated and are referred to as

Nyctophilus spp.. In addition, V. regulus and C. morio could not be differentiated by
sonar and are grouped together. The call parameters of C. morio and V. regulus were
compared statistically (t-test), but no significant differences (p>0.05) were revealed. The
two Nyctophilus species were not statistically tested for differences since their calls are
almost identical as far as minium frequency and bandwidth (see Table 3.2). The peak
energy frequencies of these two Nyctophilus species are very difficult to identify since
the energy is uniformly distributed throughout the call. The apparent difference in call
duration may be a result of where the animal is flying, rather than a true difference in call
structure between species. Call duration, on its own, was not considered sufficient
information to differentiate between the two Nyctophilus species. Furthermore, these
two species were grouped together due to morphological and behavioural similarities.
Both N. gouldi and N. geoffroyi have similar foraging and roosting requirements and
would be expected to utilise similar habitats (Tidemann & Flavel 1987; Lunney 1988;
Parnaby 1992).
The Mormopterus sp. is listed as such because the genus is currently under taxonomic
revision. The species is most likely to have been previously identified as M. loriae since
it was previously trapped in the area (Australian Museum records) and in the south east
region of NSW (Coles pers. comm.). The sonar call detected has similar characteristics
to Mormopterus loriae (Coles pers. comm.) but until the nomenclature has been sorted
out the term Mormopterus sp. will be used.
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Table 3.3 presents the estimated maximum range of detection for the species found in the
K ioloa State Forest. This figure shows the estimated maximum distances at which 13
species of bats (at or below canopy foragers) in the study area were detected (See Section
2.6). The other three species were not trapped and their detection ranges were estim ated
from R.B. Coles unpublished data.
The data from the two hour continuous sample periods (Section 2.3) for three different
occasions are shown in Figure 3.2.

The activity levels are relatively consistent

throughout the sample period. The total number of bat passes were: 17 at T ransect 1
Ridge on 9/1/93, 17 at Transect 1 Ridge on 6/1/93 & 32 at Transect 4 Ridge on 8/1/92.
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Table 3.1 Summary of bat species trapped (T) and/or detected by sonar
(D) in the Kioloa State Forest, New South Wales.
Species

Occurrence

VESPERTILIONIDAE
Vespadelus darlingtoni

T/D

Vespadelus regulus
Vespadelus vulturnus

T/D
T/D

Chalinolobus morio

T/D

Chalinolobus gouldii

T/D

Nyctophilus geoffroyii

T/D

Nyctophilus gouldi

T/D

Scotorepens orion

T/D

Scoteanax rueppellii

T/D

Falsistrellus tasmaniensis

T/D

Myotis adversus

T

Miniopterus schreibersii

T/D

RHINOLOPHIDAE
Rhinolophus megaphyllus

T/D

MOLOSSIDAE
Tadarida australis

D

Mormopterus sp.*

D

F.MBALLONURIDAE
Saccolaimus flaviventris
*Note Refer to Parnaby (1992) as taxonomy is unclear.

D

41

Table 3.2

Echolocation call parameters from released bats. The calls
were recorded from free-flying animals and the pulses used
are from the middle of search phase sequences. The data are
means & s. e. from 20 echolocation pulses, five from each of
____________ four individuals (n=20 unless otherwise shown).
________
Species

Peak frequency

Minimum

Duration

Bandwidth at

Bandwidth at

(kHz)

frequency

(msec)

6dB (kHz)

36dB (kHz)

______________________________________ (kHz)________________________________________________
12.27±0.42

14.6311.4

Saccolaimusflaviventris*

20.25±0.34

12.7710.53

Mormopterus sp.*

29.05±0.89

9.5810.7

Chalinolobus gouldii

32.76±0.44

30.4010.39

4.7810.23

3.8910.32

15.1313.46

Scoteanax reuppellii n=6

37.64±0.40

35.5710.22

5.7710.24

3.1010.24

13.6111.24

Scotorepens orion

38.8110.27

36.5310.24

5.5510.31

3.4610.28

14.3810.93

Falsistrellus tasmaniensis

40.2810.2

38.2010.25

5.6410.14

3.2710.15

17.0811.51

42.1010.53

37.9010.6

5.0610.29

6.7510.32

36.2412.08

3
II
O

Tadarida australis*

Nyctophilus geoffroyi•

(38-80)

Vespadelus darlingtoni

42.9910.17

41.4310.15

6.9110.31

2.8010.20

13.0810.87

Nyctophilus gouldi•

44.4510.56

38.3410.53

3.6010.17

6.9810.29

35.0212.40

46.1410.23

44.4710.12

5.0310.15

3.2010.12

12.4010.61

Myotis adversus n=10

46.1410.56

38.2511.15

2.8210.56

4.3010.77

22.6912.33

Chalinolobus morio

51.4510.22

49.0510.21

4.5110.19

3.3210.17

13.1210.75

Vespadelus regulus

51.7710.28

50.4710.21

5.1910.18

2.6610.11

11.930.87

Vespadelus vulturnus

54.3110.17

52.4810.13

4.1210.17

3.3210.16

14.1011.36

68.00

12.00

0.03

1.04

(38-80)

Miniopterus schreibersii
n=15

Rhinolophus megaphyllust 69.20
n=l

Notes: * Individuals not captured during study; echolocation call characteristics are taken
from R.B. Coles unpublished data.
• N. gouldi and N . geoffroyi have very broadband energy distribution
(30-80 kHz) in their calls and the peak frequency is difficult to define accurately,
t The echolocation call of this species is so distinct (pure tone CF) that only one
set of pulses were recorded.
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Figure 3.1

Sonagram s of echolocation pulses from free flying bats
recorded in the K ioloa State Forest. Sonagram s display
the distribution of energy over tim e, for a single pulse.
The frequencies with the highest energy produce the
darkest shadings.
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Table 3.3

Estimated maximum range for echolocation pulse detection
using an S-25 bat detector.

The distances are only estimates

from a few individuals of each species and are used only to
provide a general overview.
Species

Distance(m)

Chalinolobus gouldii

40

Chalinolobus morio

30

Falsistrellus tasmaniensis

35

Mormopterus sp.*

50+

Myotis adversus

20

Miniopterus schreibersii

25

Nyctophilus geoffroyi

10

Nyctophilus gouldi

10

Rhinolophus megaphyllus

35

Saccolaimus flaviventris *

150+

Scotorepens orion

40

Scoteanax rueppellii

35

Tadarida australis *

150+

Vespadelus darling to ni

30

Vespadelus regulus

20

25
*Species not trapped during the current study, values estimated from Coles
unpublished data.

Vespadelus vulturnus
Note:
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Sample date & location

Figure 3.2

£3

Transect 1, sampled on 9/1/93

H

Transect 1, sampled on 6/1/93

H

Transect 4, sampled on 8/1/93

Number of bat passes within 10 minute intervals from a continuous two
hour sample period. This sampling was done on three separate occasions,
twice at Transect 1 and once at Transect 4.
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3 .2

BAT A CTIV ITY LEVELS IN THE LOGG IN G HISTO RY STUDY

In this study, the number of bat passes encountered at a transect was used as a measure
of bat activity. All transects were sampled for a total of 200 minutes, except for the
transects (1-4) used in the ridge and gully comparison, in which each transect was
sampled for 160 minutes in total.
The distinction between ‘common’ and ‘rare’ species was made on the basis of the
number of zeros in the data (i.e. the number of bat passes). If the data for a given species
were dominated by zeros (i.e. more than 10%), the species was classed as ‘rare’ and the
appropriate non-parametric statistical tests were performed to test for differences. If the
data were normally distributed, the species in question was considered to be ‘common’
and the appropriate parametric statistical tests were performed (see Methods).
The total activity (for all species encountered), indicated by the number of bat passes,
was significantly lower (p<0.05) in the regrowth sites (mean=2.187) than in either the
mature sites (mean=6.667) or the sites that were selectively logged (mean=4.182) 6-9
months previously (Figure 3.3a; Appendix Ila). The means presented in Figures 3.3
through 3.10 are from the raw data, whereas the means shown in Appendices I through
VII are from transformed data as used in the relevant statical analysis. The number of
feeding buzzes for all species was also significantly (p<0.05) lower in the regrowth sites
than in either the mature sites or the selectively logged sites (Figure 3.3b; Appendix lib).
Compared to the total activity levels, five species had significantly (p<0.05) lower
activity (bat passes) in the regrowth areas (Figure 3.4 a & b; Appendix Ilia). The activity
of V. darlingtoni was significantly lower in regrowth sites than either the mature or
selectively logged sites. V. vulturnus and V. regulus/C. morio (these two species were
not able to be separated by sonar as explained in Section 3.1) also had significantly lower
activity in the regrowth compared to the mature forest sites. Scotorepens orion had
higher activity in selectively logged sites than in mature sites but had significantly lower
activity in the re growth sites. The M ormop ter us species had a significantly higher
activity in selectively logged areas than mature ones. Four of the species (Nyctophilus
spp., F. tasmaniensis, S. rueppellii and T. australis) showed no significant difference
(p>0.05) in their activity between the three logging histories (Fig. 3.4; Appendix III a &
b).
The statistical analysis of foraging activity (feeding buzzes) at the individual species level
revealed that only V. darlingtoni had significantly lower levels in the regrowth areas than
in either the mature or selectively logged sites (Fig. 3.5; Appendix IV). S. orion had
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num erically higher foraging activity in the selectively logged sites, but these levels were
not significant.
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Figure 3.3

Overall activity (a) and foraging (b) levels for bats detected by sonar. Each
bar is the mean (± s.e.) of five samples from three transects in each logging
regime. Means are from raw data.
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Figure 3.4

Activity levels for individual bats detected by sonar. Each bar is the mean
(± s.e.) of the total number of bat passes from five samples of
three transects in each logging regime. Means are from raw data. The
graphs have been separated due to differential scaling.

Species key:

Cg-Chalinolobus gouldii, Ft- Falsistrellus tasmaniensis M-Mormopterus
sp., N-Nyctophilus spp , So-Scotorepens orion, Sr-Scoteanax rueppellii,
Ta-Tadarida australis, Vd-Vespadelus darlingtoni,
Vr/Cm- V. regulus/C. morio, Vv- Vespadelus vultumus
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Figure 3.5

Foraging levels for bats detectedby sonar. Each bar is the mean
(± s.e.) of the total number of feeding buzzes of five samples from three
transects in each logging regime. Means are from raw data.

Species key:

Cg-Chalinolobus gouldii, Ft- Falsistrellus tasmaniensis M-Mormopterus
sp., N-Nyctophilus spp , So-Scotorepens orion, Sr-Scoteanax rueppellii,
Ta-Tadarida australis, Vd-Vespadelus darlingtoni,
Vr/Cm- V. regulus/C. morio, Vv- Vespadelus vultumus
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3 .3

RESULTS OF THE BEFORE AND AFTER SELECTIVE LOGGING
STUDY

After the heavy selection logging of these transects, the canopy was reduced from more
than 60% to less than 30% (Appendix I). For all species combined, the overall number
of bat passes and feeding buzzes were significantly lower (p<0.05) directly after selective
logging (Fig. 3.6 a & b Appendix V).
At the individual species level, five species ( V. darlingtoni, V. vulturnus, C. gouldii , F.

tasmaniensis & Nyctophilus spp.) showed a significant decrease in activity (bat passes)
im m ediately after logging. For example, V. darlingtoni had a mean of 40 bat
passes/200min before the selective logging treatment, but only 12 bat passes/200min after
logging (means from raw data). Two other species (S . orion & Mormopterus sp.)
increased numerically in activity, but not significantly (Fig. 3.7 a & b; Appendix VI a &
b). Figure 3.7 and 3.8 present the means from the data before it was square root
transformed for the statistical analysis.

Vespadelus darlingtoni, V. vulturnus and

Nyctophilus spp. were the only species with significantly lower foraging activity after
logging (Fig. 3.8 Appendix VII).

3 .4

RESULTS FROM THE RIDGE AND GULLY STUDY

There was no significant difference (p=0.31) in activity (bat passes), for all the species
combined, between the ridge and gully sites (Fig. 3.9 Appendix V illa). The most
common species were Vespadelus darlingtoni and V. vulturnus (Appendix IX). The
overall number of feeding buzzes were not statistically tested (see Section 2.10.1).
At the individual species level, there were no significant differences (p>0.05) between the
ridge and gully sites for both the number of bat passes and feeding buzzes (Fig. 3.10
Appendix VIII b & c).

3 .5

SPECIES RICHNESS

The species richness was similar throughout the entire study area, with the only a
difference of three species between the highest (12 spp.) and lowest (9 spp.) species
richness. As can be seen from Table 3.4a & Appendix IX, the total number of species
detected in each logging category (i.e. mature forest vs. before and after selection
logging) were very similar. For example, C. gouldii was encountered in all the logging
history categories (Appendix IX). No species were found to favour a particular logging
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regime or habitat type. The rarely encountered species, such as R. megaphyllus 8c S .

flaviventris, may have preferences but there was insufficient data to reveal any trends.
There was a difference in the ridges and gullies when examined on the basis of forest
quality (as defined in Appendix I). As seen in Table 3.3b, the transects in the high
quality ridges and gullies had nearly twice as many species detected as those in the low
quality areas.

Table 3.4a Species richness as indicated by the number of species
detected at each site category.
Site

Mature

Selective

Regrowth Before

After

Ridge

Gully

12

11

11

10

10

9

category
Number

11

of species___________________________________________________________________

Table 3.4b The number of species detected in ridges and gullies of high
and low quality forest stands.
Ridge

Gully

High quality forest

10

8

Low quality forest

3

5

54

Before

After

Logging trea tm e n t

(b)

0N>
N
3

XJ

DU

C
a

*5
c
a>

Logging tre a tm e n t

Figure 3.6

Overall activity (a) and foraging (b) levels for bats detected by sonar. Each
bar is the mean (± s.e.) of five samples from three transects sampled before
and after selective logging. Means are from raw data.
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Mean # bat passes

(a)

Logging treatment

Mean # bat passes

[x] Before
H3 After

Species
Figure 3.7

Activity levels for individual bats detected by sonar. Each bar is the
mean (± s.e.) of the total number of bat passes from five samples of three
transects sampled before and after selective logging. Means are from raw
data. The graphs have been separated due to differential scaling.

Species key:

Cg-Chalinolobus gouldii, Ft- Falsistrellus tasmaniensis M-Mormopterus
sp., N-Nyctophilus spp , So-Scotorepens orion, Sr-Scoteanax rueppellii,
Ta-Tadarida australis, Vd-Vespadelus darlingtoni,
Vr/Cm- V. regulus/C. morio, Vv- Vespadelus vultumus

Mean # feeding buzzes
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Logging treatment
E3 Before
HI

After

Figure 3.8

Foraging levels for individual bats detected by sonar. Each bar is the
mean (± s.e.) of the total number of bat passes from five samples of three
transects sampled before and after selective logging. Means are from raw
data.

Species key:

Cg-Chalinolobus gouldii, Ft- Falsistrellus tasmaniensis M-Mormopterus
sp., N-Nyctophilus spp , So-Scotorepens orion, Sr-Scoteanax rueppellii,
Ta-Vadarida australis, Vd-Vespadelus darlingtoni,
Vr/Cm- V. regulus/C. mono, Vv- Vespadelus vultumus
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Figure 3.9

Overall activity (a) and foraging (b) levels for bats detected by sonar. Each
bar is the mean (± s.e.) of four samples from two transects in each habitat
type. Means are from raw data.
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S pecies

Habitat
E3 Ridge
H

Gully

Figure 3.10

Activity levels for individual bats detected by sonar. Each bar is the mean
(± s.e.)of the total number of bat passes of four samples from two
transects in each habitat type. Means are from raw data.

Species key:

Cg-Chalinolobus gouldii, Ft- Falsistrellus tasmaniensis Wl-Mormopterus
sp., N-Nyctophilus spp , So-Scotorepens orion, Sr-Scoteanax rueppellii,
Ta-Tadarida australis, Vd-Vespadelus darlingtoni,
Vr/Cm- V. regulus/C. morio, Vv- Vespadelus vultumus
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3 .6

R E S U L T S O F T R A P P IN G

Sixteen species were trapped and/or detected in the study area (Table 3.1). The most
com m only trapped bats were V. regulus, V. vulturnus and C. morio, which comprised
72% of all bats captured (Table 3.5). This contrasted with the most commonly detected
(by echolocation call) species, V. darlingtoni, V. vulturnus , and S. orion, which made
up 56% of the total number of bats detected (Table 3.5). The comparison between the
trapping and detecting proportions of V. regulus and C. morio may be a problem as the
two species are grouped together on the basis of sonar call. However, even with the
proportions of detections combined for these two species, they comprised only 7.22% of
total detections, much lower than the trapping proportions for either species i.e. 25.6%
for V. regulus and 22.89% for C. morio.
No statistical comparisons were performed on the trapping data because of unequal
sampling efforts and the biases associated with the use of traps. Although all logging
types were trapped, unequal sampling effort and structural differences between the trap
sites did not make comparisons between the two feasible. Any conclusions drawn from
such comparisons would be extremely biased due to the large differences in the trapping
effort. For example, there were only 24 trap nights spent in the gullies, but 52 on the
ridges. The average number of bats caught per night was 5.5 on the ridges and 5.3 in the
gullies.

This same trend is evident in the results of the sonar detection, with no

significant differences in activity levels (Section 3.5) or species richness (Section 3.6)
between ridges and gullies.
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Table 3.5

Proportion of captures (trapping) and detecting (bat passes)
rates for bats at sample sites in the Kioloa State Forest. The
detecting % for C. m o r i o & V. r e g u l u s are combined because
they were not separable by their echolocation calls. This is
also the case for the two N y c t o p h i l u s spp.. The ‘unknowns’
in the detecting column represent echolocation pulses that
were too faint to analysed to the species level.

Species

% of total captures

% of total bat passes

Chalinolobus gouldii

2.17

5.82

Chalinolobus morio

22.89

na

Falsistrellus tasmaniensis

0.24

4.04

Myotis adversus

0.72

not detected at transects

Miniopterus schreibersii

0.97

0.11

not trapped

5.77

Nyctophilus geoffroyi

1.69

na

Nyctophilus gouldi

6.76

na

Rhinolophus megaphyllus

0.72

0.43

not trapped

0.05

Scotorepens orion

3.86

11.1

Scoteanax rueppellii

0.24

0.86

not trapped

2.32

Vespadelus darlingtoni

10.63

27.96

Vespadelus regulus

25.6

na

Vespadelus vulturnus

23.43

17.35

V. regulus & C. morio

na

7.22

Nyctophilus spp.

na

5.01

U nknow ns

0

11.91

Mormopterus spp.

Saccolaimus flaviventris

Tadarida australis
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3 .7

RESULTS FROM FLIGHT MORPHOLOGY MEASUREMENTS

The wing outlines of several species were traced and morphological parameters were
calculated from two specimens of each species. Table 3.6 presents the data from the
species encountered in the Kioloa State Forest. The quantities tabulated are by those
m ethods outlined in Norberg & Rayner (1987).

Table 3.6
______

Morphological flight characteristics for bats encountered in the
Kioloa State Forest.

Species

Wing

aspect

wing

area

ratio,

S/cm2

A

tip area

loading

tip
length

ratio,

tip
shape

MgZS

ratio,

Ts

index,

N n r2

T1

I

Chalinolobus gouldii *

140.00

7.80

10.70

1.29

0.72

1.28

Chalinolobus morio

101.00

6.59

9.70

1.60

1.17

2.72

Falsistrellus tasmaniensis

125.40

6.70

17.19

1.39

0.73

1.11

Mormopterus sp.*

54.40

7.98

14.97

1.88

1.34

2.48

Myotis adversus

119.33

6.02

8.21

1.49

0.98

1.92

Miniopterus schreibersii *

137.00

7.10

10.20

1.46

0.74

1.03

Nyctophilus geoffroyi

111.20

5.81

6.65

1.55

1.29

2.17

Nyctophilus gouldi

115.27

5.00

9.35

1.67

1.10

1.93

Rhinolophus megaphyllus

149.20

5.48

7.88

1.37

0.82

1.49

Saccolaimus flaviventris *

304.00

7.90

14.50

Scotorepens orion

90.60

6.25

10.82

Scoteneanax rueppellii *

101.00

6.30

6.80

Tadarida australis*

180.00

11.10

19.60

1.46

0.88

1.52

Vespadelus darlingtoni

99.33

5.99

6.91

1.36

0.78

1.34

Vespadelus regulus

56.30

5.96

7.87

1.45

1.03

2.45

Vespadelus vulturnus

71.60

5.15

5.47

1.10

0.84

3.23

*Measurements taken from Norberg & Rayner (1987).
•Measurements taken from Australian Museum specimens.

-

1.63
-

-

1.01
-

-

1.63
-
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Chapter 4
DISCUSSION
4 .1

INTRODUCTION

The principal focus of this study was to develop and implement echolocation detection to
asses the impacts of various logging regimes on bat activity within forest stands. This
included the identification of free-flying bats encountered whilst sampling the transects
and a comparison of bat activity and species richness of different logging regimes. Ridge
and gully habitats were also compared for differences in bat activity and species richness.
This was achieved by addressing several questions which are presented in Table 4.1
along with the findings of this study.

Table 4.1 Questions addressed in this thesis and a brief summary of the
contributions of this study.
Question

Contribution

1.

Can the insectivorous bats of
Kioloa State Forest be identified
by their echolocation calls?

Yes. 12 of the 16 species found were
distinguishable by analysis of echolocation
calls. 2 groups of species had to be classed
together.

2.

Does the logging history affect
the bat activity within a forest?

Yes. Lower foraging & activity levels were
recorded in regrowth forest following clear
felling. However, there was no significant
difference between mature and selectively
logged sites.

3.

Does selective logging have an
effect on bat activity?

Yes. Foraging and activity levels were
lower immediately after selective logging.

4.

Is there a difference in the bat
activity of ridges and gullies?

No difference in bat activity was found
between ridges and gullies in this study.

In this chapter I first examine the sampling design and the potential biases of techniques
used in this study. Next, the implications of wing morphology on foraging activity and
flight characteristics are discussed. This is followed by a discussion on the relationships
of bat activity with logging history and habitat type (ridge and gully).

Finally,

conservation recommendations for the management of bats and other hollow dependent
fauna are made.
An overview of the general ecology of the bats encountered during this study is presented
in Table 4.2.
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Table 4.2

General ecology of the insectivorous bats encountered in the
Kioloa State Forest, NSW. (Vestjens & Hall 1977; Fenton 1981; Strahan
1983; Tidemann & Flavel 1987; Taylor & Savva 1988; O ’Neil & Taylor 1989;
Fullard et al. 1991; Jones & Rayner 1991; Glass unpublished data).
Food items
crickets beetles
caterpillars
moths, ants
moths, ants,
crickets

Habitat
open woodland
desert, forest

moths, beetles,
flies

open woodland
desert, forest

moths, beetles,
flies

open woodland
desert, forest

FM, moderate
duration, strong

Foraging strategy
open or between
veg hawker,
upper canopy
open, between or
below canopy
hawker
below canopy,
above understorey
hawker
below canopy,
above understorey
hawker
below canopy
hawker

flies
small moths

open woodland
desert, forest

obligate cave
dweller

FM, moderate
duration, strong

open or between
canopy hawker

moths, flies
mosquitoes

forests

M y o tis a d v e rsu s

Tree hollows,
under bark &
caves

FM, short
duration, strong

mid canopy
hawker & open
water skimmer

flying & aquatic
insects, small
fish

caves, trees nea
open water,
riparian veg

S c o to re p e n s orion

Tree hollows &
under bark

FM moderate
duration, strong

below canopy,
open hawker

moths, beetles,
flies

sand dune veg t
open woodland

S c o te a n a x ru e p p e llii

Tree hollows &
under bark

FM moderate
duration, strong

open & between
canopy hawker

moths

open woodland
desert, forest

N y c to p h ilu s g e o ffro y i

Tree hollows,
under bark & in
foliage
Tree hollows,
under bark & in
foliage
Tree hollows &
under bark

FM, short
duration, faint

dense veg
gleaner, hawker

moths terrestrial wet -arid forest
& foliage insects desert

FM, short
duration, faint

dense veg
gleaner, hawker

moths terrestrial forest, open
& foliage insects woodland

open hawker,
FM, long
duration, intense below canopy

moths beetles
ants

R h in o lo p h u s m e g a p h y llu s

obligate cave
dweller

T adarida australis

Tree hollows &
under bark

dense veg
FM-CF-FM,
gleaner, hawker
long duration,
strong
above canopy
FM, long
duration, intense hawker

beetles & moths coastal scrub
-tall sclerophyl
rain forests
beetles & moths open woodland
desert, forest

S a c c o la im u s fla v iv e n tr is

Tree hollows &
under bark

above canopy
FM, long
duration, intense hawker

beetles & moths open woodland
desert, forest

Tree hollows &
under bark

above canopy
FM, moderate
duration, intense hawker

beetles & moths open woodland
desert, forest

Species

Roost areas
Tree hollows &
under bark

Echolocation
FM, moderate
duration, strong

C h a lin o lo b u s m o rio

Tree hollows &
under bark

FM, moderate
duration, strong

V e sp a d e lu s vu ltu rn u s

Tree hollows &
under bark

FM, moderate
duration, strong

V esp a d elu s regu lu s

Tree hollows &
under bark

FM, moderate
duration, strong

V esp a d elu s darlin g to n i

Tree hollows &
under bark

M in io p te ru s sc h re ib e rsii

C h a lin o lo b u s g o u ld ii

N y c to p h ilu s g o u ld i

F a lsistre llu s ta sm a n ien sis

M o r m o p te r u s

sp.

open woodland
desert, forest

forests
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4 .2

JUSTIFICATION OF SAMPLING

The factors that influenced the success of sampling in the current study are; (i) The
accurate identification of unknown bats encountered at the transects, (ii) The transects
were representative of the of the areas being compared, (iii) Influences of environmental
factors such as the time of year and weather conditions.
The sam pling technique em ployed in this study seemed to be adequate for several
reasons. The insectivorous bats recorded in the Kioloa State Forest could be identified to
the species level for all species except two pairs (see next section). This level o f
identification to the species level enabled a fairly robust comparison of bat activity and
species richness between the logging histories and forest types examined.
The transect design seemed to be appropriate since there were sufficient data for statistical
analysis for most of the species. The number of bat passes and feeding buzzes were
totalled for all the sample periods at each site because it was not possible to sample all the
sites in a given time period. The sampling effort consisted of several field trips which
lasted for five days.

Not all the sites could be sam pled during any one o f these

excursions. The optimum sampling would be to sample each site at the exact same time
under the same environmental conditions, obviously this will rarely be possible and could
not be addressed in this study. The sampling in the first three hours after dark seemed
adequate because several studies on the activity levels of bats have found this to be the
tim e in which bats are most active (Kunz 1974; Furlonger et al. 1987; Taylor & O'Neill
1988). This pattern was also reinforced by the results of the two hour continuous
sam pling periods which showed bats to be relatively active during this time (see Figure
3.4).
To avoid possible biases, sam pling was perform ed before and after the period of
increased activity due to the emergence of first year bats. The emergence of young takes
place m ainly between late October and December (Strahan 1983; Reardon & Flavel
1987). Fem ale bats are known to increase food consum ption during pregnancy and
lactation (Kunz 1974; Kunz & Anthony 1977). The first series of field trips took place in
O ctober 1992 and covered 90% of the sampling for the ridge and gully study. The
second series of field trips took place from January through until May, which covered all
the sampling for the logging studies.
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4 .3

IDENTIFICATION OF BATS BY ECHOLOCATION CALLS

Echolocation has been successfully used to identify bats in many studies (Fenton & Bell
1981; Fenton 1982; Neuweiler 1983; Judes 1987; Thomas 1988; Fenton el al. 1992;
Thomas & West 1992). The main limitations of this technique are as follows; (i) The
type of echolocation call used by the animal in question, specifically whether or not the
sonar signals are strong enough to be detected, (ii) The number of species occurring in
the study area. In tropical forests it may be difficult to distinguish between similar
species as the total number of species increases (Fenton 1981; Fenton & Bell 1981). (iii)
The sophistication of the equipment and analysis used, particularly the number of
echolocation call parameters which can be used to distinguish between species, (iv) The
conditions in which the equipment can be used. Adverse weather conditions such as
wind, rain or cold temperatures can limit or inhibit the sampling (Kunz & Brock 1975;
Fenton & Bell 1981; Lumsden pers. comm.).
The number of the species detected and/or trapped in the study area did not significantly
restrict identification by echolocation. Only two sets of species (C. morio/V. regulus &

N. geoffroyi/N. gouldi) could not be separated by their echolocation calls in the scope of
the current study. The pairs in both sets of species have similar foraging strategies which
may relate to their echolocation systems (see Table 4.2). These species may be separable
by calls, but only after further research to increase the sample size for the echolocation
call library.
Most species in the study area had intense enough sonar signals to be adequately
sampled. Two of the species, N. geoffroyi & N. gouldi are known to have faint
echolocation calls (Section 1.5) but the relative proportion of these species detected by
echolocation call was equivalent to their relative proportion in trapping. This would
suggest that these species were adequately sampled by sonar calls, since they are known
to be easily trapped (Lunney et al. 1988).
No sampling took place in wind, rain or during cool temperatures, which can suppress
bat activity. A study in Victoria, in which bat activity was monitored throughout the
entire night, revealed that bats seemed to cease activity when the temperature dropped
below 5°C (Lumsden pers. comm.). The minimum temperature of this study was 8°C,
but most of the sampling was done at temperature between 15 - 25 C.
The equipment used to monitor bat activity enabled several parameters to be compared to
distinguish between the species present (Section 2.7). The high standard of the electronic
equipment used made it possible to use the previously discussed parameters to identify
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bats.

Some ultrasonic detection and analysis systems which rely on zero crossing

analysis alone (Fenton & Bell 1981; Crome & Richards 1988) can be used to distinguish
between species but, these systems would not have been adequate to separate the bat
species of the current study area.
4 .4

PO T E N T IA L BIASES ASSOCIATED W ITH TRA PPIN G

The findings of this study support indications of biases associated with the trapping of
bats (Lunney et al. 1985; Taylor & O'Neill 1988). When trapping records are compared
to those of echolocation detection, the occurrence of certain species, C. morio, and V.

regulus seemed to be overestimated by trapping while other species, such as S. orion,
seemed to be underestimated. The echolocation detecting also identified three species that
were not trapped, S. flaviventris, T. australis and Mormopterus sp.. These species
normally forage above the canopy and are not easily trapped, unless they are trapped over
open water (Strahan 1983; Coles pers. comm.).
Many studies in south eastern Australia have shown that smaller bats such as C. morio,

V. regulus, N. gouldi and N. geoffroyi typically dominate trapping records (Helman &
Schulz 1987; Taylor & O'Neill 1988; Brown & Howley 1989). Bats that have reduced
manoeuvrability, such as pregnant females, are thought to be more easily caught (Kunz &
Anthony 1977; Brown & Howley 1989). Potential biases can also arise with the
positioning of traps. The use of traps on forest tracks surrounded by thick vegetation is
quite successful, but traps placed in open areas (eg. open woodland or recently logged
forest) are not. Comparisons based on this type of trapping must be treated with caution
due to the influence of the structure of the area being trapped. A study incorporating the
trapping and radio tracking of bats showed that trap results can underestimate the
distances in which bats travel (Lunney et al. 1985). Bats may also be attracted by the
echolocation calls of other bats already in the traps and thus, may fly in areas not
normally visited. The use of trapping is a useful tool in developing general species lists,
but conclusions about activity patterns based upon trapping results should be treated with
caution. Studies using trapping need to be designed with these biases in mind.
4 .5

PO TE N T IA L BIASES ASSOCIATED W ITH EC H O LO C A TIO N
D ETECTIO N

The potential biases in the use of bat detectors are mainly due to the type of echolocation
call used by the bat and the sensitivity of the detector to these calls (Woodside & Taylor
1985; Fenton & Bell 1981). Only two species in the study area, N. gouldi & N.

geoffroyi have faint sonar which could be hard to detect and are discussed in Section 4.3.
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Bats that forage above the canopy such as T. australis could possibly be missed using a
bat detector but these species are known to have very intense echolocation signals which
are detected at distances of 150m (Woodside & Taylor 1985; Fenton & Bell 1981; Coles

pers. comm.). In a Douglas-Fir Forest in North America, Thomas and West (1992)
found no difference in the bat activity detected between two bat detectors, one on ground
level and one suspended 30m up in the canopy.
The directionality of the bat detector offers another source of bias. In this study the
detector was continuously rotated during sampling to minimise this problem. Surveys
which use automated bat detection systems where detectors are left in one position over
night are highly likely to underestimate the bat activity and species richness of the sample
area. A study that compared the use of mist nets and hand held bat detectors at the same
open water site, showed that both methods revealed the same activity patterns (Kunz &
Brock 1975). The biases associated with bat detectors would seem to underestimate the
actual activity of an area. In the current study the areas that would be most easily biased
would be areas with thick vegetation and high canopies (eg. mature sites) whereas, areas
with open vegetation and low canopy heights (eg. regrowth sites) should be more
accurately sampled. This study found that the mature forests had the highest levels of bat
activity which seems to indicate that biases associated with echolocadon detection did not
restrict findings of this study.
The technique employed in the current study uses a frequency divided signal (Section
2.7) in which only 10 % of the original cycles are present in the recorded waveform. The
recording of the original echolocation calls using a high speed tape recorder and a non
divided signal may be needed to reveal differences in the call structure of the two groups
of bat species that had to be classed together (Coles pers. comm).

4 .6

BAT WING MORPHOLOGY AND POSSIBLE PREDICTIONS

Parameters taken from the wing outlines for species encountered in the current study area
are similar to those found in other studies for Australian species (O'Neill & Taylor 1986;
Norberg & Rayner 1987; Jones & Rayner 1991). Species such as N. geoffroyi,N.

gouldi, M. adversus and R. megaphyllus had morphological parameters consistent with
the type of foraging strategies they employ (Neuweiler 1984; Norberg & Rayner 1987;
Jones & Rayner 1991). They have low wing loadings and aspect ratios with high wing
tip indexes, which facilitate good manoeuvrability for flying in dense vegetation. These
species were trapped and detected in such areas, as would be predicted by their wing
morphology. Species such as F. tasmaniensis and T. australis had high wing loading
and aspect ratios with low wing tip indexes which allow for fast flight speeds in open
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areas. Falsistrellus tasmaniensis was only trapped over open water, not in dense
vegetation, indicating that it most likely foraged above the canopy and only flew at low
levels to drink in open areas. The afore mentioned species represent both extremes of
wing morphology, with high flying, open foragers (F. tasmaniensis and T. australis )
and low flying, dense vegetation foragers (N. geoffroyi, N. gouldi & R. megaphyllus ).
The flight and foraging strategies of these ‘extreme’ species may be more restricted by
their wing morphology than those species with moderate wing shape.
Species, such as V. darlingtoni, C. gouldii & S. orion, which have moderate wing
morphology may be less restricted by wing shape and able to use a range of flying and
foraging strategies. For example, Chalinolobus gouldii has been observed to use a range
of strategies to forage depending upon the structure of the vegetation (personal
observation). In woodland forest this species was observed foraging in open spaces
between vegetation, whereas in mature sclerophyll forest, this species was observed
foraging amongst dense understorey vegetation.

4 .7

LOGGING AND BAT ACTIVITY

The effect of logging on insectivorous bats has been scarcely researched, but may be an
important factor in assessing the ecological impacts of disturbance and devising
appropriate management of forest resources. Approximately 80% of the bats in south
east Australia are tree dwellers and utilise forest resources for feeding and/or roosting
(Hall & Richards 1979; Strahan 1983; Lunney et al. 1985; Tidemann & Flavel 1987;
Taylor & Savva 1988; Pamaby pers. comm.). To date, detailed studies of bat fauna in
Australian forests have concentrated the identification of roosts sites and home ranges
through the use of radio tracking and trapping techniques (Lunney et al. 1985; Tidemann
& Flavel 1987; Taylor & Savva 1988). Very little is known of how bats actually utilise
sections of forest away from tracks or flyways. The use of sampling bats by their
echolocation calls is a non-intrusive way to monitor bat activity within a forest.
This study successfully identified and examined the activity levels of bats within the
forest. Mature stands had the highest activity levels for most species and most of the bat
species encountered showed significantly lower activity levels in both the regrowth and
recently logged (within 2 months) areas. The overall foraging levels, assessed by the
number of feeding buzzes detected, were also significantly lower in the regrowth and
recently logged forest. The presence of feeding buzzes indicates that a bat is foraging in a
particular area of the forest.

In contrast, the absence of feeding buzzes does not

necessarily mean that the area being sampled is not a foraging zone. An area that has
high activity levels (bat passes) with little or no foraging suggests that bats may be
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travelling through an area to forage elsewhere. However, the lack of feeding buzzes
could be result of either inadequate sampling or low insect numbers. Nonetheless, the
findings of this study show a significant decrease in the bat activity and foraging level of
regrowth and recently logged forest. This difference could be due to several factors,
such as the lack of roosts, the physical structure of the forest and/or the lack o f a well
developed understorey.
The absence or reduction of roost sites in regrowth and recently logged forest may limit
the activity of bats in these areas. One study found that bats did not roost in regrowth
forest but travelled to adjacent mature forest to roost after being trapped in regrowth areas
(Taylor & Savva 1988). However, there are mature stands of forest adjacent to these
areas which could serve as potential roosting areas and the lack of roosts does not appear
to be a limiting factor of bat activity level.
Another possible limiting factor of bat activity in the regrowth forest could be the physical
structure of the forest, which may exclude some of the less manoeuvrable species, such
as T. australis and Mormopterus sp.. The regrowth forest was much more cluttered and
had a greater density of trees than both the mature and selective sites (see Appendix I &
Fig. 2.4). However, the regrowth areas had similar species richness to the mature areas,
indicating that most species occurred in these areas but less often. Another possibility is
that the bats detected in regrowth areas were flying above the canopy en route to other
areas.
An interesting finding of the current study is that both regrowth and recent selectively
logged forest had lower bat activity and foraging levels. These areas differ from one
another structurally, one open (Figure 2.5b) and one cluttered (Figure 2.4), but both lack
a well developed understorey. The lower activity and foraging levels of recent selectively
logged areas may be a result of depleted understorey vegetation and not due to restrictions
on flight in cluttered habitats, since these areas are open and uncluttered.
The lack of a well developed understorey could explain the lower bat activity and
foraging levels in the regrowth and recently logged areas. Bat activity has been shown to
be closely linked to food availability and the lack of food items may explain the low
activity levels in the regrowth areas (Kunz 1974; Taylor & O ’Neill 1988). Surveys in
logged and unlogged areas of north eastern NSW found the bat diversity to be highest in
productive, structurally diverse forests (Smith pers. comm.). The effect of disturbance
on the foraging activity of bats seems to be closely linked to the extent of the understorey
vegetation present after the disturbance.
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Studies have indicated that insect diversity is related to the diversity and complexity of the
vegetative substrate (Janzen & Schoener 1968; Janzen 1973; Kalcounis 1992). A study
in Costa Rica, which compared the insect diversity between the understorey of forest
vegetation and secondary vegetation (pasture), found a much higher diversity of insects
in the forest understorey (Janzen 1973). The highest diversity was found in forest
understorey at intermediate elevations and was partly attributed to the higher plant
productivity and diversity of these areas. These authors proposed that if the forest were
cut down a large part of the insect community would be eliminated. It has been noted that
the highest diversity of insectivorous birds are associated with these habitats (Orians
1969; Terbough 1971).
The foraging activity of insectivorous bats has been linked to insect availability. A study
of the activity of insectivorous bats in Tasmania revealed that bat activity was closely
related to insect abundance. This study found that wet sclerophyll forest had higher
number of insects than regrowth forests and that the highest foraging levels for bats
coincided with the highest abundance of insects (Taylor & O ’Neill 1988).

The

Panamanian bat, Micronycteris hirsuta , switches its diet from insects to fruit in the dry
season when insect diversity becomes low (Wilson 1971). The bats changed food items
when one resource became limited, suggesting that bat activity may be related to insect
abundance.
In the current study, the forest stands that were sampled before and just after selective
logging, bat activity and foraging levels decreased after the logging treatment. In sites
that had received the same selective logging treatment but were sampled a year or more
after logging, the activity levels were similar to those just before the logging.
Furthermore, the activity levels in areas sampled more that a year since logging, were not
significantly different to those of mature forest that had not been logged in approximately
30 years. This may indicate that once the understorey vegetation returns to a certain
levels that bats may increase their use of these area. The regrowth areas had not been
logged in 23 years, but due to the lack of understorey, had very low activity levels. The
burning o f these regrowth areas may have also suppressed the developm ent of
understorey vegetation. The trends in bat activity for the common species seem to be
influenced by these factors, but with the small amount of data for rarely encountered
species, such as R. megaphyllus and F. tasmaniensis, such conclusions can not be made.
The trends indicated by the common species can not be extrapolated to the rare species
and more information is needed before accurate predictions can be made. Based upon the
known behaviour of these rarely encountered species (Table 4.2) some tentative
predictions can be made. For example, R. megaphyllus is known to forage in dense

vegetation and the removal or disturbance of understorey vegetation may cause a decline
in the occurrence of this species in affected areas.
Other studies have indicated similar findings to the current study with higher bat diversity
in undisturbed areas (Thomas 1988; Gasler & Kolibac 1992; Fenton et al. 1992). A
study in Mexico, that incorporated trapping and echolocation detecting, revealed that there
was a significant decrease in diversity from undisturbed to disturbed sites and
hypothesised that the sensitivity of the local bat fauna (phyllostomids & vespertilionids)
to disturbance reflected the abundance of prey items (Fenton et al. 1992). Thomas
(1988) found that echolocation detection rates were higher in old growth Douglas-fir
forests than in surrounding mature and regrowth areas.
Studies on the effects of logging on bird populations in forest of southern NSW suggest
that the harvesting of mature forest reduces the populations and diversity of birds in these
areas (Recher et al. 1980; Smith 1985). These studies found that bird diversity decreased
just after intensive logging with some open habitat species moving in to the area. After
ten years the species composition was much like it was before the logging. This increase
in open habitat bird species was mirrored in the current study with Mormopterus spp. and

S. orion increasing in activity after logging. These species are considered to be open
foragers and the logging may have made it possible for them to fly in these previously
restrictive areas (Aldridge & Rautenbach 1987; Norberg & Rayner 1987). Loyn (1985)
proposed that it would take 100 years after logging for bird diversity to reach its
maximum levels.
4 .8

RID G E AND GULLY HABITAT ASSOCIATIONS

This study did not reveal any statistically significant differences between the activity or
species richness of bats in ridges and gullies, although the activity levels were
numerically higher in the ridges for most species. The data set for this part of the study
was small (i.e. low number of passes & feeding buzzes) and is dominated by zeros, thus
the samples for these habitats may not have been adequate. The gullies sampled in the
study had running water but the surrounding vegetation was very thick. The logging
practices employed in this forest leave a 30m buffer strip around all creeks in logged
areas. These buffer strips may be an important source of roost sites but may not be used
for foraging.
Studies have shown the importance of areas with mature trees and have found bats
utilising these areas for roosts, but commuting to other areas to forage (Lunney et al.
1988; Thomas & West 1992). Two studies on the effects of logging on bird populations
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found higher diversity in gullies then the ridges (Loyn 1980; Smith 1985). In a study in
the Mumbulla State Forest, near Bega NSW, Lunney et al. (1988) proposed that only the
unlogged gullies had the type of trees which bats required for roosting. The forest types
in gullies are typically of higher quality due to the occurrence of fertile soil in these areas
and exclusion from logging (Watts pers. comm.). These high quality forest types often
have an abundance of larger trees which may provide ample hollows for roosting sites.

4 .9

CONSERVATION RECOMMENDATIONS

Bats are an important element of the forest fauna and need to be considered in the
management of Australia’s forest resources. With such large proportion of Australia’s
fauna, approximately 80% of Australian bat species as well as many arboreal and other
mammals, dependent on forest resources, these areas need to be carefully managed.
Four of the species found in this study area are listed as vulnerable and rare in the
Endangered Fauna (Schedule 12 NP&W Act), these are: F. tasmaniensis, M .

schreibersii, M. adversus and S. rueppellii. Falsistrellus tasmaniensis had significantly
lower activity levels directly after selective logging. Little is known about the activity
patterns, diets and other ecological aspects of most insectivorous bat species in Australia,
however most of these species are known to roost in tree hollows. This study suggests
that habitat suitability declines following logging and can persist after many years (i.e. the
regrowth areas having low activity 20 years after logging). The reasons for this decline
may be linked to (i) a reduction in available roost sites, (ii) a change in the canopy density
of the area after logging and (iii) the removal or disturbance to the understorey vegetation.
Certain management techniques could lessen the impact of logging on the bat fauna of the
area.
I will propose some tentative recommendations that may reduce the impacts of logging on
bat fauna, (i) The use of clear felling practices should not be employed, (ii) Selective
logging, in which some mature hollow-forming trees are retained, should be done on a
rotation that allows the ongoing replacement of hollow-forming trees. Cycles of 100
years or more have been suggested by several authors (Lunney et al. 1985; Lunney et a l
1988; Taylor & Savva 1988).

Loyn (1980) and Smith (1985) have made similar

recommendations for the preservation of forest bird populations, (iii) Minimise the
disturbance to the understorey during logging, (iv) Minimise the area burned by limiting
the burning to only the scrap piles and not the understorey flora remaining after logging.
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4 .1 0

CONCLUSION

The foraging activity of bats in the Kioloa State Forest is most likely affected by
disturbance events which destroy or limit the development of understorey vegetation,
such as frequent burning, grazing, and clear felling, even when suitable roost sites are
available. The diversity of understorey vegetation influences the abundance of insects
and, in turn, the amount of potential prey available for foraging bats. Clear felling is a
threat to insectivorous bats for two reasons (i) it removes potential roosts and (ii) it
destroys the understorey initially and the even aged regrowth, because of its dense
structure, does not permit the subsequent development of understorey plants for some
time. The effect of selective logging upon bats may not be as severe as that of clear
felling, since this type of logging may not threaten roost abundance if enough mature,
hollow forming trees are retained. However, as the understorey is reduced during
selective logging and by subsequent burning to remove waste (tree crowns), selective
logging may reduce foraging activity in an area for some time.
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Appendix I Transect vegetation characteristics. The canopy height, DT
and DBH values are taken from a sample of the first sample
unit of each transect. Dominant trees species are from Moore
et al. 1991.

Transect

DT

DBH cm

1 Ridge

Canopy Ht
m
36 .7 ± 0 .9

13

96.015.2

1 Gully

3 5 .0 11.2

19

85.7114.3

2 Ridge

4 3 .5 13.8

14

106125.5

2 Gully

40.211.1

21

125.314.1

3 Ridge

28 .112.2

68

21.015.6

3 Gully

3 0 .9 12.7

14

75.7118

4 Ridge

15.611.1

41

18.513.5

4 Gully

32 .316.0

12

71.218.6

5

39 .71.88

9

62.215.9

6

39 .5 10.4

14

61.2112.4

7

35 .513.5

11

43.219.3

8

27.812.4

15

37.317.5

9

37 .1 10.4

5

52.318.3

10

14.411.5

82

11.412.1

11

12.911.6

79

9.811.1

12

16.111.1

88

12.413.1

13

33.913.1

18

68111.2

14

37.710.5

8

58.917.2

15

35.811.8

18

54.9116.7

13A

33.913.1

2

61.317.9

14A

37 .710.5

4

48.6118

15A

35.811.8

6

48.8118.5

p ilu la r is , Epip- E. p ip e r ita , Es-£. sa lig n a ,

Dominant
Tree Spp
Em 45.6
Epil 20.1
Em 71.1
Epan 14
Em 61.6
Epil 15.1
Es 48.5
Am 14
Epip 48.7
Em 16.4
Es 50.7
Epip 24.1
Epip 42.1
Eg 26.3
Epip 42.1
Eg 26.3
Em 45.6
Epil 20.1
Em 61.6
Epil 15.1
Em 61.6
Epil 15.1
Em 61.6
Epil 15.1
Em 61.6
Epil 15.1
Em 61.6
Epil 15.1
Em 61.6
Epil 15.1
Em 61.6
Epil 15.1
Em 61.6
Epil 15.1
Em 61.6
Epil 15.1
Em 61.6
Epil 15.1
Em 61.6
Epil 15.1
Em 61.6
Epil 15.1
Em 61.6
Epil 15.1

Logging
history
LS 1900-50

Site Quality

LS 1900
1950
MS 1983

High
High

MS 1983

High

M S1983

Low

MS 1983

Low

CF 1970
1971
CF 1970

Low

LS 1900
1950
LS 1900
1950
HS 1992
June
HS 1992
May
HS 1992
Sept.
CF 1970

High

High

Low
High
High
High
High
High

CF 1970

High

CF 1970

High

MS 1980

High

MS 1980

High

MS 1980

High

HS 1993 MarchApril
HS 1993 MarchApril
HS 1993 MarchApril

High
High
High

DT - the density of trees in a 10m radius of the 1st
sample unit, LS - light selection logging with 60% canopy retention, MS - medium selection
logging with 31-60% canopy retention, HS - heavy selection logging with 15-30% canopy
retention, CF - clear felled areas
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Appendix Ila

Details of the analysis carried out on total number of bat
passes in the logging history study
Significant differences were found between the logging histories. A posteriori

com parisons am ong the m eans were by T ukey’s HSD. Data were square root
transform ed to remove the heteroscedasticity and represent the means from 200 minutes
of sam pling at three transects in each logging history. Means joined by lines were not
significantly different at the 5% level.
C ochran’s C=.5466, P<0.05
Tukey’s HSD = 3.442
Logging
history

Mature

Selective

Regrowth

Mean bat passes

6.667

4.182

2.187

Appendix lib

Details of the analysis carried out on total number of
feeding buzzes in the logging history study
Significant differences were found between the logging histories. A posteriori

com parisons am ong the m eans were by T ukey’s HSD. D ata were square root
transformed to remove the heteroscedasticity and represent the means from 200 minutes
o f sam pling at three transects in each logging history. Means joined by lines were not
significantly different at the 5% level.
C ochran’s C=.5466, P<0.05
Tukey’s HSD = 3.442
Logging
history

Mature

Selective

Regrowth

Mean feeding
buzzes

2.061
1

1.608
1

.333
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Appendix Ilia

Details of the analysis carried out on mean number of bat
passes for common species in the logging history
study.

Significant differences were found between the logging histories for six species. A
posteriori comparisons among the means were by Tukey’s HSD. Data were square root
transform ed to remove the heteroscedasticity and represent the means from 200 minutes
o f sam pling at three transects in each logging history. Means joined by lines were not
significantly different at the 5% level.
C ochran’s C=.2205, P<0.05
Tukey’s HSD = 5.39
Mature

Selective

Regrowth

V. darlingtoni

7.089
1

5.965
l

1.667

V. vulturnus

4.889
1

3.291
1 1

2.138
1

S. orion

1.698
1
1

2.987
1

0.816

V. regulus/
C. morio

3.104
1

3.104
1

1.00

C. gouldii

2.021
1
1

3.084
1

1.049

Mormopterus sp.

1.000

3.102
1

1.798
1

Nyctophilus spp.

1.784
1

1.989

1.895
1

1

1
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Appendix Illb

Details of the nonparametric analysis carried out on mean
number of bat passes for rare species in the logging
history study.

No significant differences were found between the logging histories for three rarely
encountered species. The means are from 200 minutes of sampling at three transects in
each logging history. H0 of no difference in mean bat passes between the three logging
histories.
Calculated H
Value
Species H=
0.29
History H=
3.63
Interaction H=
1.29

<
<
<

Table H Value

Outcome

X2 0.05,2 = 5.991
X2 0.05,2 = 5.991
X2 0.05,4 = 9.488

Accept Ho
Accept Ho
Accept Ho
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Appendix IV Details of the analysis carried out on mean number of
feeding buzzes for individual species in the logging
history study.
Significant differences were found between the logging histories for six species. A
posteriori com parisons among the means were by Tukey’s HSD for nonparametric two
factor ANOVA. The data are rank sums derived from 200 minutes of sampling at three
transects in each logging history. Rank sums joined by lines were not significantly
different at the 5% level.
T ukey’s HSD q 0.05,~ ■,24 = 5.144
Mature

Selective

Regrowth

V. darlingtoni

202.5
1

91.0
1

81.5

V. vulturnus

179.0
1

148.5

117.5
1

S . orion

96.0
1

127.5

55.5
1

V. regulusl
C. morio

131.5
1

129.0

55.5
1

C. gouldii

107.5
1

122.0

55.5
1

Mormopterus sp.

81.5
l

81.5

55.5
1

Nyctophilus spp.

107.5
l

158.0

81.5
1

F. tasmaniensis

125.5
I

81.5

55.5
1
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Appendix V Details of the analysis carried out on total number of bat
passes and feeding buzzes in the before and after
logging study.
Significant differences were found after the logging treatment. Data were square root
transformed but this did not remove the heteroscedasticity so the analysis was performed
on the raw data. The means are from 200 minutes of sampling at three transects before
and after logging.
C ochran’s C=.3346, P<0.05
Logging
history

Before

After

Mean bat passes

32.47

16.73 Means are significantly
different, p = .0472

Mean feeding buzzes

8.80

1.60

Means are significantly
different, p = .0017

86

Appendix Via

Details of the analysis carried out on mean number of bat
passes for common species in the before and after
. . .
Egging study.

there was a significant difference before and after selective logging for five species. A
posteriori comparisons among the means were by Tukey’s HSD. Data were square root
transformed to remove the heteroscedasticity and represent the means from 200 minutes
o f sampling at three transects before and after logging. Means joined by lines were not
significantly different at the 5% level.
C ochran’s C=.2758, P<0.05
Tukey’s HSD = 5.163
Before

After

V. darlingtoni

6.114

3.376

V. vulturnus

4.531

2.404

S. orion

1.698
1

5.087
1

V. regulus/
C. morio

2.685
1

1.138
1

C. gouldii

3.480

1.323

Mormopterus sp.

1.333
I

2.958
1

Nyctophilus spp.

3.840

0.943

T. australis

1.825

1.244
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Appendix VIb
.

Details of the analysis carried out on mean number of bat
passes for (rare) species in the before and after
Egging study.

Significant differences were found before and after logging histories for five species. A
posteriori comparisons among the means were by T ukey’s HSD for nonparam etric two
factor ANOVA. The data are rank sums derived from 200 minutes of sampling at three
transects before and after logging. Rank sums joined by lines were not significantly
different at the 5% level.

Tukey’s HSD q 0.05,«>,2 = 3.633
Before

F . tasmaniensis
S. rueppellii

33
18

After
15
12
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Appendix VII

Details of the analysis carried out on mean number of
feeding buzzes for individual species in the before
and after logging study.

Significant differences were found before and after logging histories for five species. A
posteriori comparisons among the means were by Tukey’s HSD for nonparametric two
factor ANOVA. The data are rank sums derived from 200 minutes of sampling at three
transects before and after logging. Rank sums joined by lines were not significantly
different at the 5% level.
T ukey’s HSD q 0.05,oo,16 = 4.845
Before

After

V. darlingtoni

128.0

51.5

V. vulturnus

123.0

63.5

5. orion

67.0
1

90.5
1

V. regulusl
C. morio

58.0
1

30.0
1

C. gouldii

89.0
1

44.0
1

Mormopterus sp.

44.0
1

83.0
1

Nyctophilus spp.

107.5

44.0
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Appendix V illa

Details of the analysis carried out on total number of bat
passes in the ridge and gully study.

No significant differences were found between the ridges and gullies . Data were square
root transform ed but this did not remove the heteroscedasticity so the analysis was
perform ed on the raw data. The means are from 160 minutes o f sampling at four
transects in both the ridges and gullies.

Site

Ridge

Gully

Mean bat passes

11.00

6.67

Appendix VUIb

Means not significantly different,
p = .3141

Details of the nonparametric analysis carried out on
mean number of bat passes for species in the ridge
and gully study.

No significant differences were found between the ridges and gullies. Data are from
ranks of a nonparametric two factor ANOVA. H q of no difference in ranks o f bat passes
between ridges and gullies for the appropriate factors.
Calculated H
Value
Species H=
9.99
Site H=
0.71
Interaction H=
6.67

Appendix VIIIc

<
<
<

Table H Value

Outcome

X2 0.05,6 = 12.59
X2 0.05,1 = .3.84
X2 0.05,6 = 12.59

Accept Ho
Accept Hq
Accept Hq

Details of the nonparametric analysis carried out on
mean number of feeding buzzes for species in the
ridge and gully study.

No significant differences were found between the ridges and gullies. Data are from
ranks o f a nonparametric two factor ANOVA. H0 of no difference in ranks of bat passes
between ridges and gullies for the appropriate factors.
Calculated H
Value
Species H=
1.13
Site H=
2.29
Interaction H=
0.21

<
<
<

Table H Value

Outcome

X 2 0.05,2 = 5.99
X2 0.05,1 = 3.84
X 2 0.05,2 = 5.99

Accept Ho
Accept H q
Accept Ho

Appendix IX Details of the total number of nights each bat species was detected at each transect.
The values represent the total number of night each bat species was detected by sonar at each site. Transects 1-4 represent ridge (R) and
gully (G) sites. Transect 13-15 were sampled before (b) and after (a) selective logging. The species key is from Table 3.1.
Spp.

T ra n sects

1R

1G

2R

2G

3R

3G

4R

4G

5

6

7

8

9

10

11

12

13b

14b

15b

13a

14a

15a

Cg

4

0

2

0

0

0

0

0

2

1

1

3

1

1

0

2

2

1

4

2

0

2

Ft

1

0

2

2

0

0

1

1

3

1

0

0

1

0

0

1

3

2

3

0

0

2

M

1

0

1

0

0

0

0

0

1

0

2

2

3

0

0

3

2

0

3

2

2

2

Ms

0

0

0

0

1

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

N

1

0

1

1

1

0

0

0

2

4

2

2

2

1

1

3

1

2

4

1

0

1

Rm

0

0

1

0

0

0

0

1

1

0

0

0

1

0

0

0

0

0

1

0

0

0

So

0

1

1

1

0

0

0

0

2

2

1

2

2

0

0

1

3

2

3

3

1

3

Sr

1

0

1

0

0

0

0

0

1

0

0

0

1

1

0

0

0

1

1

0

0

1

Ta

1

0

0

0

0

0

0

0

0

1

0

1

0

0

0

3

3

3

0

2

1

1

Vd

4

1

4

3

0

1

0

1

5

4

3

3

4

2

1

2

4

5

5

3

1

3

Vr/Cm

1

0

2

1

1

1

0

1

2

2

3

1

2

1

1

1

3

2

2

1

0

3

Vv

4

0

3

3

1

1

0

2

4

2

2

3

0

3

2

2

3

4

4

4

0

3

Species key: Cg-Chalinolobus gouldii, Ft- Falsistrellus tasmaniensis M-Mormopterus sp., N-Nyctophilus spp , So-Scotorepens orion,
F
' Sr-Scoteanax rueppellii, Ta-Tadarida australis , Vd-Vespadelus darlingtoni, Vr/Cm- V. regulusl C. morio, Vv- Vespadelus vulturnus
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